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PREFATORY NOTE 


During the month of August the Institute of Politics held its 
sixth annual session at Williams College, Williamstown, Mass. 
One of the important topics discussed was the world’s mineral 
resources in their political relations. Under this broad heading 
one general and three round-table conferences were held dealing 
with the mineral raw materials of the fertilizer industry. All four 
meetings were well attended and the discussions aroused great 
interest. 

The committee responsible for the general and round-table 
conferences on the whole field of mineral resources in their politi- 
cal relations was composed of Dr. H. Foster Bain, New York, 
Secretary of the American Institute of Mining and Metallurgical 
Engineers, former Director of the United States Bureau of 
Mines; Dr. Charles K. Leith, Madison, Professor of Geology at 
the University of Wisconsin and during the war period advisor on 
mineral resources and transport to the War Trade and War In- 
dustries Boards and to the American Commission to Negotiate 
Peace; Dr. Charles H. MacDowell, Chicago, President, Armour 
Fertilizer Works, former Director of the Chemicals Division of 
the War Industries Board and a member of the Economic Advis- 
ory Staff of the Peace Commission. Dr. John W. Frey, of the 
University of Wisconsin, acted as secretary. Dr. MacDowell pre- 
sided over the meetings devoted to the fertilizer industry. Mr. H. 
H. Meyers, of the Mellon Institute of Industrial Research, Pitts- 
burgh, was largely responsible for the elaboration of the program 
and also participated in the discussions. Several of the papers 
here printed are more deliberate expansions of oral statements 
made at the meetings. Unfortunately no stenographic record was 
made of the discussions at the round tables that took place after 
the presentation of each paper. 

No nation is sufficient unto itself in the mineral resources neces- 
sary for the manufacture of artificial plant foods. France and 
Germany both have ample supplies of potash. Germany is deficient 
in phosphates, but through the development of her synthetic nitro- 
gen indmstry is independent as to nitrates. France, by reason of 
her ownership of the Tunisian-Moroccan phosphate monopoly, is 
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amply supplied with phosphates but is dependent upon other na- 
tions for her nitrates. Chile has a practical monopoly of natural 
nitrate of soda, but the development of by-product and synthetic 
nitrogen has all but destroyed her dominance of the world market. 
The British Empire, particularly through certain mandates, has 
ample resources of phosphate but is largely dependent on other 
nations for both potash and nitrate nitrogen. The United States 
is richly supplied with phosphates, has begun to develop a syn- 
thetic nitrogen industry, is already a large producer of sulfate of 
ammonia and has begun to develop a potash industry, which is 
expected to supply one-fifth of the annual need. 

Problems of food supply as related to pressure of population, 
the role of chemistry in world affairs, the conditions of agriculture 
throughout the world and many other similar topics relating to the 
world economic situation were considered both in the general con- 
ference and at the round-table meetings. The program of the 
Institute as a whole is prepared under the direction of Dr. Harry 
A. Garfield, President of Williams College, and includes men who 
are competent to speak with authority on all the international 
aspects of the fertilizer situation. 

By reason of the importance of the subject matter and because 
ot the number of requests received for the addresses made, the 
Executive Committee of The National Fertilizer Association voted 
to print the proceedings of the conference as a whole for distribu- 
tion to agricultural specialists and to those who are interested in 
conservation and in the development of the fertilizer industry in 
its broadest sense. 


CHARLES J. BRAND, 


Executive Secretary and Treasurer. 


Wasutnecton, D. C., October 31, 1926. 


oo 


CONTENTS 


GENERAL CONFERENCE 


PAGE 


Introductory Address, by Charles H. MacDowell, President, Armour 
Fertilizer Works, Chicago, Illinois 


ROUND-TABLE CONFERENCES 


PotTasH 


Introductory Remarks on Potash, by Charles H. MacDowell.________. 
Potash in World Trade, by C. C. Concannon, Chief of Chemical Division, 
Bureau of Foreign and Domestic Commerce, U. S. Department of 
Powummerce Washington. D. Cx. 2.3 i too 


The Alsatian Potash Deposits and Production, by J. N. Harper, Agrono- 
mist, French Potash Society, Atlanta, (Georgia) sees eee eee 
The Potash Resources of the United States, by J. W. Turrentine, in charge 
Potash Investigations, Bureau of Soils, U. S. Department of Agricul- 
DE AN ASIC EON eA eee es ey es, eet le 
The Economics of American Potash Production, by J. E. Teeple, Con- 
sulting Chemist, American Potash and Chemical Corporation, New 
York City, and Treasurer, American Chemical Society___________- 


PHOSPHATES 


Introductory Remarks on Phosphates, by Charles H. MacDowell _____ 
The Phosphate Deposits of the World, by G. R. Mansfield____________ 
Phosphates in International Trade, by M. H. Grace, President, Phos- 
Babe Ee MPOCe AssOCIAONn oe ova ec cee an ccucswaccnccaus cece 
The Influence of Technology on the Economics of Phosphate Rock, by 
J. T. Burrows, Phosphate Rock Department, International Agricul- 
TurdleCoLporatloneNeweV OL asnece oe eee ei anes pipes 


7 


13 


23 


43 


50 


54 


56 


66 


74 


78 


86 


108 


6 CONTENTS 


PAGE 
SULFUR 
Introductory Remarks on Sulfur, by Charles H. MacDowell === 125 
Sulfur in World Trade, by W. H. Aldridge, President, Texas Gulf Sulphur 
Go.; New York City... _2i 221222 5- ee eee 127 
Sulfides as a Raw Material for Sulfuric Acid, by A. D. Ledoux, Agent, 
The. Pyrites Co., Ltd.,, New Yorksees2== 2222. =e eee 134 
NITROGEN 
Introductory Remarks on Nitrogen, by Charles H. MacDowell -_------ 140 
The World’s Supply of Fixed Nitrogen, by H. A. Curtis, Professor of 
Chemical Engineering, Yale University==-- = 142 
Chilean Nitrates in World Trade, by B. Cohen, Secretary, Chilean Em- 
bassy, Washington, D.C. 22-2 = = oe eee eee 147 
The Technology of Chilean Nitrate, by P. Mayer, Engineer, Guggenheim 
Brothersy New Mork! City 2 22 os oe ee 154 
By-Product Ammonia in World Trade, by C. J. Ramsburg, Vice Presi- 
dént, Koppers"Co.;,, PittshureksPa. oon = See ee 161 
Synthetic Nitrogen, by W. P. Pickhardt, Secretary, Kuttroff, Pickhardt 
S& CowtiNew Y orks oo ek 4 eee ee eee 169 


Synthetic Ammonia in the United States, by S. C. Lind, Associate 
Director, Fixed Nitrogen Research Laboratory, Washington, D. C. 172 


Bibliographic Notes 2:22.22 32 See ee ee 173 
Bibliogtaphy:{ 226 22 20S = ee ee 173 


GENERAL CONFERENCE 
INTRODUCTORY ADDRESS 


By Cartes H. MacDoweE tt, Chairman 


Fertilizer materials are important items in domestic and inter- 
national commerce. They possess high social and economic 
value in the upbuilding and maintenance of an efficient civilization. 
Certain fertilizer ingredients are key materials in war time, when 
munition requirement competes for them with farm demand. 


VALUE OF FERTILIZERS AND SOURCES OF FERTILIZER MATERIALS 


Fertilizer use increases yields, hastens maturity of plants, mini- 
mizes population pressure, reduces the need for food and other 
field imports, promotes greater urban activity, lowers the cost of 
manufactured goods, reduces the expense of farm labor, and 
lessens transportation. 

The materials used in making fertilizers are found in natural 
deposits, are salvaged from industrial and city waste, are manu- 
factured synthetically. Their possession makes for national 
safety; their absence tends to create national uneasiness. 

The development of the fertilizer industry concurrently with 
modern agricultural practice is one of the outstanding scientific 
and engineering achievements of the past century. It is well, 
therefore, to study the present status of the industry and its 
potential power, that a better understanding may be had by those 
who strive for a well-informed public opinion. 


CERTAIN CHEMICAL ELEMENTS ESSENTIAL IN MAKING 
FERTILIZERS 


In the fertilizer trade three chemical elements are considered in 
purchase, manufacture and sale—nitrogen, phosphorus, potassium. 
Materials containing these elements in various chemical combina- 
tions are therefore classed as fertilizer raw materials. The sta- 
bility and the availability of the plant food in these materials vary. 
Mechanical and chemical treatment is often necessary to make 
them available, especially materials containing phosphorus and 
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nitrogen, and it is necessary to include sulfur and sulfide ores in 
fertilizer raw materials, as sulfuric acid is largely used as a re- 
agent. By-product sulfuric acid, derived from smelter fume, is 
also of great importance. Sulfur itself is a plant food, and other 
necessary elements, such as magnesium and calcium, are found in 
commercial fertilizers but are not figured in their monetary value. 
Still other elements may be added to the list where plant require- 
ments and soil deficiencies disclose their need. 


PLtant NourISHMENT INDISPENSABLE TO SUCCESSFUL 
AGRICULTURE 


The consumption of fertilizer materials is growing in all parts 
of the world as progressively depleted soils and increasing popu- 
lation disclose their need and science prepares the way. Growing 
plants cannot travel far for their food. If usable plant food does 
not lie within the growing radius of the plant in proper balance 
and in sufficient quantity for its healthy development the plant 
suffers. Malnutrition may not be commonly recognized in plants, 
but it is a large factor in increasing the cost of production. Well- 
nourished plants provide food of greater value than starved 
plants. Herbert Spencer, in his “Principles of Biology,” states 
with keen acumen: 


When it has once set in, sexual genesis is scanty or imperfect unless nutri- 
tion is good. Though the starved plant may blossom, yet many of its blossoms 
will fail; and such seeds as it produces will be ill furnished with those en- 
veloping structures and that store of albumen, etc., needed to give good 
chances of successful germination; the number of surviving offspring will be 


diminished. 

This statement has been strikingly confirmed by our experi- 
mental work on tomatoes at Purdue University, for although 
many of the plants blossomed profusely, yet unless sufficient plant 
food was available, and in the proper ratio of the necessary ele- 
ments, many of the blossoms were lost and failed of fruition. 


Wor tp SUPPLY OF FERTILIZER MATERIAL 1s ABUNDANT 


Nature diffuses plant food, but she also concentrates the raw 
materials for plant food. Industry also, through centralized man- 
ufacture, concentrates the materials for fertilizers, making possi- 
ble the profitable recovery of by-products, as, for instance, in the 
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packing, coking and vegetable-oil industries. Large natural de- 
posits of phosphates, nitrogen-bearing materials and potash salts 
have been discovered. Many of them have been developed and are 
accessible to means of transportation by land or water. By-prod- 
uct coke and coal-gas nitrogen is being won in increasing quanti- 
ties. Sluggish nitrogen is being successfully wedded to active 
hydrogen by pressure, heat and catalysis to give fixed nitrogen. 
The worry of Sir William Crookes over nitrogen starvation is no 
longer our concern. World potash reserves and developments are 
ample, and potash prospecting is active; so a supply of potash 
seems assured for generations. Ample sulfur and sulfide ore are 
available, and electric methods of recovering phosphorus from 
its ore are coming into use. The world’s supplies of fertilizer 
materials are plentiful. 


FERTILIZER MANUFACTURE A TECHNICAL AND Economic ProBLEM 


Our concern is about national location, fluidity of movement, 
competition, monopoly extortion, discrimination against and aver- 
sion to foreign capital and trade, governmental restrictions; all 
these make for greater costs. Our problem is economic and tech- 
nical—how to gather, distribute and use our resources with the 
least possbile waste and at the lowest cost to accomplish the best 
results in the mine, in the factory, and on the farm. The state- 
ment of the problem is simple; its solution is not so simple. The 
barriers are many: intense nationalism, excessive export and im- 
port duties, uneconomic competition, the disturbing effect of war- 
fare—blockades, embargoes—the entrance of governments into 
industrial activities—all ills of international trade. 


INTERDEPENDENCE OF COUNTRIES FOR RAW MATERIALS 


The war disclosed quite fully the interdependence of nations on 
each other for raw materials, especially fertilizer materials. By 
these disclosures much national self-consciousness has been devel- 
oped. National independence is the order of the day. The instinct 
of self-preservation is involved, especially with regard to nitro- 
gen and potash. The Allied out-of-country key raw material was 
sodium nitrate, a water-borne product—a Chilean monopoly. Its 
plentiful supply was necessary in the large production of propel- 
lant powders, high explosives, and many necessary war materials, 
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as well as for soil fertilization. To obtain an adequate supply 
was difficult ; sea control and a large ship tonnage were necessary. 
The Allies did not possess the technical and engineering knowl- 
edge requisite to build and operate the Haber type of nitrogen 
fixation plants, which were so successfully developed and used by 
Germany. As the result of this experience the fixation of syn- 
thetic nitrogen is, in many countries, almost a religion, and a 
number of plants have been and are being installed without re- 
gard to the world’s available supplies of nitrogen and the large 
investment of capital. Meanwhile Chile’s nitrate trade seems to 
be decreasing. 

The blockade of Germany deprived the potash buyers of a large 
part of the potash they needed during the war. Plant potash 
starvation was not uncommon in many regions. Even our safety 
matches suffered. Prices rose to unheard-of heights. Some 
progress was made in developing an American potash industry at 
plants located mainly in the Midwest and West. With the re- 
sumption of German and Alsatian shipments these plants, with 
one notable exception, were closed, as the handicap of heavy 
manufacturing costs and high freights to consuming centers 
proved too great to permit them to meet foreign competition. 


SouRCES OF OuR AGRICULTURAL POTASH, PHOSPHATE 
AND SULFUR 


Agricultural potash is consumed in this country largely in the 
Atlantic Coastal Plain region, which is served from ports to which 
foreign potash can be cheaply transported by water. Germany 
and France practically control the world’s potash trade. Spain 
is coming in with a small production, and Poland produces a 
relatively insignificant tonnage. The strongest competition here 
is offered by the American Potash and Chemical Corporation, 
working at Searles Lake, near Los Angeles. Our government is 
making efforts to develop potash deposits. It fears foreign 
monopoly, and it would feel safer if it were more largely self- 
dependent. 

The Central Powers were cut off from their supply of phos- 
phate rock during the war. The consequent shortage of phos- 
phorus left field scars that still show in decreased farm yields as 
compared with pre-war yields. The production of basic slag (a 
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phosphorus carrier), a sub-product of steel made from high phos- 
phorus Minette ores, was heavy. Germany made every possible 
use of this material. Phosphorus in this form is slowly available 
as compared with superphosphate made from phosphate rock and 
is best suited for meadow fertilization. Germany, as well as 
Europe generally, is dependent on outside sources for its supply 
of phosphorus, which she obtains mostly from America and 
northern Africa. 

In pre-war days our sulfuric acid was obtained mainly from 
sulfide ores, most of which were imported. The war changed the 
situation because of the scarcity and the high cost of shipping and 
promoted the remarkable development of American sulfur depos- 
its. Today elemental sulfur is the main raw material in America 
for sulfuric acid, and a brisk export trade is carried on in sulfur. 

These examples illustrate the interdependence of nations in 
obtaining the basic raw materials needed to grow larger field 
crops. 

PROBLEMS IN INTERNATIONAL COMMERCE 


Foreign commerce is a two-way movement. Sales pay for pur- 
chases. Reciprocity is necessary in normal commerce. How far 
should each nation go to become largely self-sustaining, regard- 
less of the producing capacity of other countries? On the one 
hand we have the demand for war preparedness and self-preser- 
vation ; on the other, the demand for reciprocity in foreign com- 
merce. For instance, in the case of potash, we are asking France 
to pay us some part of her war indebtedness, and Germany has 
American claims to settle and reparations to pay. Shall substan- 
tial purchase of potash be made from France? Shall we buy 
potash and nitrogen compounds from Germany? We sell manu- 
factured products to Chile. Shall we buy her nitrates and provide 
her with power to purchase our products? What course is best for 
all of us? 

It is easier to buy than to produce; but industry swims against 
the tide and ventures to develop. Shall we let industry grow 
along the line of free initiative, with a feeling that excessive 
monopoly prices can be so prevented, or shall we administer 
stimulants in the form of protective tariffs to encourage the early 
development of some of our resources, and thus increase farm 


costs? 


I2 MINERAL RAW MATERIALS FOR FERTILIZER INDUSTRY 


SHALL WE Impose AN Import TAX ON FERTILIZER MATERIAL? 


The fertilizer industry has taken the position that no duty 
should be assessed on materials entering into the making of fer- 
tilizers for farmers. Is this position sound? Shall we hothouse 
ventures for the development of nitrogen fixation by subsidies 
and duties, or shall we let these ventures develop on their merit as 
needed? Shall we assess a duty on potash to develop a domestic 
supply beyond that which naturally might be produced without 
protection? At present we levy no duty on agricultural potash. 
A duty of five dollars a ton is levied on sulphate of ammonia, an 
article that we are exporting in considerable quantities. Urea, 
which will be used increasingly in agriculture, now carries a duty 
of 35 per cent ad valorem. Apart from these and a few other 
minor exceptions, the United States stands for no duty on fertil- 
izer raw materials. Shall this policy be continued? 

There are many moot questions to be considered here today. 
We shall hear them considered from the standpoint of the eco- 
nomic geologist, then from that of the economist, and finally from 
that of the engineer. 
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THE ECONOMIC GEOLOGY OF THE PERTILIZER 
MINERALS? 


By Grorce Rocers MANSFIELD 


SCOPE OF PAPER 


Although the subject assigned to me implies some consideration 
of the geology of fertilizer minerals, I shall not be able, in the 
time allotted to me, to dwell on this phase of the subject. I shall 
therefore only describe the types of fertilizer minerals that are 
important in commerce, discuss briefly their mode of occurrence, 
distribution, and production, and give the available data regarding 
the amount and character of their reserves. 


THE FERTILIZER MINERALS 


Although the practice of fertilizing land to improve farm and 
garden products is as old as civilization, it is little more than fifty 
years since mineral substances have been used to any great extent 
for this purpose. Experimentation in the middle and later part of 
the last century demonstrated the primary importance of the ele- 
ments phosphorus, potassium, and nitrogen in plant growth and 
eventually led to the commercial exploitation of the minerals that 
contained these elements in most readily available form. The 
principal fertilizer minerals are therefore phosphates, potash salts, 
and nitrates. A fourth element, sulfur, is a necessary adjunct to 
phosphates because, in the form of sulfuric acid, it renders them 
more soluble and hence more readily available as plant food. 
Sulfur occurs in its native state in considerable quantities and, 
combined with iron, forms the common minerals called pyrites. 
Thus sulfur and pyrites are also classed as fertilizer minerals, 
though they are used chiefly in the manufacture of sulfuric acid. 

The importance of the fertilizer minerals in world trade may 
be judged by the fact that in 1924, the last year for which rela- 
tively complete figures are available, the total production of these 
minerals, so far as reported, amounted to about 18,256,000 metric 
tons. This total was supplied by thirty-eight countries, some of 


1Published by permission of the Director of the U. S. Geological Survey. 
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which produced two or more of the minerals, the United States 
being the only country to produce as many as four. Two of the 
mineral groups, potash salts and nitrates, have hitherto been local- 
ized largely in Germany and in Chile, respectively. This fact has 
given these two countries strategic advantages which need not be 
further mentioned here. 


SourcES OF INFORMATION 


In this paper the production of the fertilizer minerals is given 
according to the figures of 1924, as compiled by the Division of 
Mineral Statistics of the U. S. Bureau of Mines and by the Imper- 
ial Institute, Mineral Resources Department, Great Britain. An 
attempt is also made to give an idea of the distribution and amount 
of the reserves of each mineral, but the figures for reserves are 
much less definite and much less complete than those for produc- 
tion. With few exceptions they should not be considered official. 
Most of them are rather old, some dating back to 1918 or earlier, 
and they were obtained from many sources, including official gov- 
ernment bureaus, consular reports, articles published by mining 
engineers and others, compiled under different auspices and with 
different standards of accuracy. Some are very moderate, others 
are admittedly large and are little more than guesses. They are 
what the writer was able to gather in the time available and are 
presented merely as parts of a picture drawn to illustrate some of 
the world relations of the fertilizer minerals. 


PROMINENT FEATURES 


One interesting feature brought out by the discussion is the wide 
distribution of certain of the minerals, especially phosphates, and 
the narrow localization of others, particularly nitrates. Another 
interesting feature is the dominance of the phosphates, which is 
perhaps fortunate, for of the effective ingredients used in mixed 
fertilizers, in the United States at least, phosphorus is generally 
used in the largest proportion. 


PHOSPHATES 


Excluding organic materials, such as bones and guano, and 
artificial products such as basic slag, all of which are still mar- 
keted to a certain extent, the phosphates of commerce are chiefly 


ECONOMIC GEOLOGY OF FERTILIZER MINERALS 15 


phosphate rock. The marketed phosphates occur in a variety of 
ways, but all may here be classed as residual, replacement, or 
sedimentary deposits. Residual phosphates, as the name implies, 
are the residues of formerly more extended beds of phosphatic 
limestone, now concentrated by the solution and removal of their 
carbonates, which are more soluble than the phosphates. A good 
example of this type of rock is the Tennessee brown phosphate. 
Replacement phosphates are limestones or other rocks that have 
been phosphatized or changed to calcium or aluminum phosphates 
by the action of phosphate-bearing solutions derived from guanos 
or from igneous intrusions. A good example of this type is the 
Nauru and Ocean Island phosphate, which is the result of the 
phosphatization of coralline limestone by guano. Sedimentary 
phosphates are no doubt closely related in origin to the other 
types, but they have accumulated in favorable localities as sedi- 
ments interbedded with other rocks, such as limestones or shales. 
The North African phosphates, the Florida land pebble, and the 
western phosphates of the United States are largely of this type. 
This type is therefore the principal phosphate rock of commerce. 

The world production of phosphates in 1924 was about 7,920,- 
000 metric tons. The United States was the principal producer, 
with 36.79 per cent, and was followed closely by Tunisia, with 
30.19 per cent. Thus these two countries together supplied about 
67 per cent of the total. Algeria, Morocco, and Ocean and Nauru 
islands together furnished another 20 per cent, and the remaining 
13 per cent was distributed among the other nineteen countries. 
Russia, whose resources are known to be large, contributed only 
one-fourth of one per cent. Figures for 1925, available for only 
nine countries, show in general a marked increase over 1924, those 
for Morocco being most noteworthy, showing an increase in sales 
amounting to 67.6 per cent. The world’s production in 1925 was 
probably more than 8,000,000 tons. 

The world’s reserves of phosphate on the basis above stated are 
estimated at about 16,867,000,000 metric tons, sufficient at the 
present rate of production to last more than 2,000 years. The 
countries with the largest known reserves, named in order of rank, 
are the United States, with 6,431,000,000 metric tons; Russia, 
including Siberia, with 6,235,000,000 tons; and North Africa, 
with 4,031,000,000 tons, The Pacific islands together furnish 
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another 158,000,000 tons, and Spain and Palestine furnish 14,- 
000,000 more. About five-eighths of these reserves, comprising 
more than ten and a half billion tons, are relatively high-grade 
phosphates, containing 58 per cent or more of tricalcium phos- 
phate, commercially known as bone phosphate of lime. The re- 
mainder, comprising over six billion tons, is of low-grade, con- 
taining less than 50 per cent of tricalcium phosphate. The 
deposits of the United States, North Africa, and the Pacific 
islands constitute the bulk of the higher grade rock; those of 
Russia and Siberia, the low-grade material. 

The North African fields are the most favorably located with 
respect to present markets. The large reserves of the western 
United States are remote from existing domestic markets and 
doubly so from foreign markets. The Pacific islands are distant 
from all markets, but they possess the advantage of containing 
the highest grade of rock. Whole cargoes of phosphate from 
Ocean Island are reported to run as high as 88 per cent of tri- 
calcium phosphate. 

PoTasH 


Potassium is one of the most common elements in the earth’s 
crust. It is a constituent of many rocks, which are insoluble under 
ordinary conditions, but fortunately for agriculture it occurs also 
in considerable abundance in water-soluble salts at certain places 
in a form readily adapted to use in fertilizers. As some of these 
salts are rather complex and as all vary in purity it is customary to 
sell them on the basis of the percentage of their content of potas- 
sium calculated as potassium oxide, or K,O. This chemical 
compound, which is purely theoretical so far as these salts are 
concerned, is known to the trade as potash. Before the great 
deposits of natural potash salts in Germany were discovered, 
about the middle of the last century, potash was obtained from 
organic sources, and small quantities of such material are still 
manufactured and sold. Some potash is also being made from 
silicates and other insoluble potash compounds. The great bulk of 
the world’s potash, however, is now obtbained from natural salts, 
though these require more or less refinement to produce merchant- 
able grades. 

The world’s production of potash (K,O) in 1924 was about 
1,210,000 metric tons. Of this quantity Germany supplied 73.85 
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per cent and France 22.40 per cent. Thus these two countries 
together produced more than 96 per cent of the world’s total. 
The United States, with 1.71 per cent, and Poland, with 1.47 per 
cent, together furnished an addition 3 per cent, and the remaining 
I per cent was scattered among four other countries. Under the 
present trade agreement between German and French producers 
the two groups are now noncompetitive, so that production and 
prices are as much subject to unified control as they were when 
the Alsatian deposits belonged to Germany. Such figures as are 
available for 1925 indicate a marked increase in production over 
1924 and a somewhat greater predominance of the German and 
French production. 

The world’s reserves of potash in the form of soluble salts, on 
the basis outlined above, are estimated at about 2,338,000,000 
metric tons of KO, sufficient at the present rate of production to 
last nearly 2,000 years. Germany has the largest reserves, amount- 
ing to about 2,000,000,000 tons. France is second, with 300,- 
000,000 tons, and the United States is third, with about 22,000,000 
tons. Poland, in the two mines at Kalusz and Stebnik, is estimated 
to have about 20,000,000 metric tons of potash salts, equivalent, 
perhaps, to 5,000,000 tons of K,O, and considerable unexplored 
territory in Poland is believed to be underlain by workable beds 
of potash. Spain possesses potash beds similar to those of Ger- 
many and France, the potash content of which is not yet fully 
determined, but it is estimated that the syncline at Suria contains 
10,000,000 tons of K,O. A small but interesting deposit, esti- 
mated to contain about 1,250,000 tons, has been found in Abys- 
sinia, and potash salts of unknown quantity are reported from the 
Salt Range of India. The German deposits contain an average of 
about Io per.cent of K,O; the French deposits contain more— 
about 18 per cent. The German salts have the advantage of con- 
taining soluble sulphates and a greater variety of possible by- 
products; the French deposits are essentially chlorides of sodium 
and potassium. The Polish deposits are similar to the German and 
are said to average about 25 per cent K,O. The Spanish deposits 
are reported to average about 20 per cent. The United States out- 
put of potash is practically all obtained from the brines of Searles 
Lake, in California. The potash produced there averages about 97 
per cent potassium chloride and is the highest grade of salt offered 
to the fertilizer market. 
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Evidence is now accumulating that beds of soluble potash salts 
underlie vast areas in southwestern Texas and New Mexico and 
possibly areas in some of the Rocky Mountain States. Nothing 
definite can yet be said about the extent and thickness of these 
beds, but the present indications are that they form a great re- 
serve, which may ultimately be made available to commercial ex- 
ploitation. 

In addition to the salt deposits above enumerated mention 
should be made of potash resources in the form of silicates, for 
some of these are now being worked in Italy and some in the 
United States give promise of being workable. The leucites of 
Italy and Wyoming, the greensands of New Jersey, and mine tail- 
ings in Colorado probably contain together more than 9,000,000,- 
000 metric tons of potash, an enormous reserve that may become 
available when improved processes of extraction are perfected. 

The German and Alsatian deposits, owing to their ready access 
to cheap ocean transportation, now dominate the world markets. 
The Spanish deposits are also favorably located with regard to 
world markets. The Searles Lake potash is far from the larger 
markets, but its superior quality makes it attractive. 


NITRATE 


The only known large commercial deposits of nitrate are those 
of Chile, found in the deserts of Atacama and Tarapaca, in the 
northern part of the country. The deposits consist of natural salts 
formed in the sedimentary rocks and gravels along the lower 
slopes of the mountains. They contain 18 to 20 per cent of 
nitrates, which are recovered by leaching and precipitation. The 
United States and other countries contain deposits of natural 
nitrate salts that are of scientific interest. Some of the deposits 
were utilized as sources of nitrate during the Civil War and others 
were intensively studied during the World War, but all have thus 
far proved inadequate for commercial use. 

Chile’s share of the world production of nitrates in 1924 was 
94.08 per cent. The reserves of Chilean nitrate have been esti- 
mated at 245,300,000 metric tons for an explored area of 5,811 
square kilometers, a quantity sufficient to last 100 years at the 
present rate of production. But the unexplored area is about 
thirty-four times larger than that explored, so the available 
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reserves are probably much greater than those indicated by the 
estimate just given. 

The deposits are far from the world markets, but they are ac- 
cessible to cheap ocean transportation, and the cost of production 
has been relatively low. In recent years by-product and synthetic 
nitrogen has been coming into use in the fertilizer industry and 
supplanting to a certain extent the Chilean product. This phase of 
the subject, however, will be more fully discussed by others. 


SULFUR 


Native sulfur occurs in a variety of way. In the craters of 
volcanoes, where sulfurous gases ascend through cracks, sulfur 
may be deposited through the reaction of these gases with each 
other or with air or water. A large deposit of this kind is worked 
at Hokkaido, Japan. Similar deposits occur in Mexico and Chile, 
and recently, at White Island, near New Zealand, such a deposit 
is being reopened after the destruction of a previous plant at that 
site by a volcanic eruption in 1914. More commonly sulfur is 
found at active or extinct hot springs in the tufas or other adjoin- 
ing porous rocks, such as volcanic tuffs. Here it is formed by the 
oxidation of hydrogen sulfide or by bacterial action. Such deposits 
are common in many of our Western States and some of them 
have been worked. The greater part of the world’s native sulfur 
is not connected with volcanic eruptions, but is found in sedimen- 
tary beds, in close association with gypsum and limestone. Such 
are the extensive deposits of Texas and Sicily, which now con- 
stitute the bulk of the world’s source of supply, and those of 
Louisiana, which were active until late in 1924. The sulfur is 
derived from gypsum through the reducing action of organic 
matter. A unique method of mining the sulfur, known as the 
Frasch process, is employed in the Louisiana-Texas field. The 
sulfur, which lies at a depth of several hundred feet, is melted in 
the ground by the injection of superheated water through large 
drilled wells. After it is collected at the bottom of the well it is 
forced to the surface by compressed air and allowed to accumu- 
late in large vats from which, when cold, it is blasted and loaded 
directly on cars. 

The world’s production of sulfur in 1924 amounted to 1,856,950 
metric tons, of which the United States, with 67.25 per cent, and 
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Italy, with 17.20 per cent, together produced nearly 85 per cent. 
The United Kingdom produced 8.37 per cent of the world’s sulfur 
as a by-product of the distillation of coal. Of the other six coun- 
tries listed as producing that year only Spain, with 3.5 per cent, 
and Japan, with 2.45 per cent, deserve mention. 

The world’s reserves of sulfur, as estimated on the basis already 
given, range from about 56,000,000 to 121,000,000 metric tons. 
The two countries, having the largest reserves are Italy and the 
United States. Italy has reserves of at least 25,500,000 metric 
tons, or at most, 84,200,000 tons. The Texas-Louisiana field 
contains about 30,000,000 tons of sulfur, without allowance for 
new discoveries. The many other deposits of sulfur in the United 
States are not considered, though some of them have been worked 
and others probably have commercial possibilities. The product 
of the Texas and Louisiana mines is sold as it comes from the 
wells as 99.5 per cent pure, without further refinement. The 
sulfur rock of Italy, which is found mostly in Sicily, ranges in 
sulfur content from 10 to 25 per cent and has to be refined before 
marketing. No figures for Japan are available. Chile is reported 
to have, in the provinces of Tacna and Antofagasta, sulfur re- 
serves amounting to 5,530,000 metric tons, with grades ranging 
from 70 to 96 per cent. Spain’s estimated reserves range from 
525,000 to 1,750,000 metric tons. The grades range from 15 to 30 
per cent. Mention should also be made of the sulfur which is 
recovered from the fumes generated at some of the great smelters 
in the western United States and which is converted directly into 
sulfuric acid. 

The sulfur deposits of Texas and Louisiana are readily accessi- 
ble to cheap water transportation, as are those of Sicily and Japan 
and most of the Spanish deposits. 


PYRITES 


The pyritic ores include pyrite, marcasite, and pyrrhotite. Pure 
pyrite and marcasite contain 53.3 per cent of sulfur, and pyrrho- 
tite contains 38.4 per cent. Marcasite is frequently associated 
with coal beds and occurs under conditions that indicate its for- 
mation at ordinary or moderate temperatures. Pyrite and marca- 
site are mainly products of high or intermediate temperatures and 
are associated with rocks that were formerly molten or that have 
been changed by heat and pressure within the earth’s crust. 
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The world’s production of pyrites in 1924 amounted to about 
4,674,000 metric tons, of which Spain contributed 48.11 per cent, 
Italy 11.22 per cent, and Norway 8.77 per cent. Thus these three 
countries together supplied 68 per cent of the total. The remain- 
ing production was presumably divided among twenty countries, 
though figures are not available for seven of them and none of 
them appears to have produced as much as Beper cent. “Japan, 
Germany (1923 figures), Portugal, France, and the United States 
all produced more than 3.5 per cent. 

The world’s reserves of pyrites, so far as figures are available to 
show them, range from 183,000,000 to 423,000,000 metric tons. 
The most extensive reserves are those of Spain, in the province of 
Huelva, estimated to contain 132,000,000 to 264,000,000 metric 
tons. Russia, including the Urals, Siberia, and the Caucasus, is 
next, with 17,300,000 to 62,000,000 tons, and Norway is third, 
with 3,000,000 to 35,000,000 tons. Then follow Germany, 10,- 
000,000 to 21,000,000 tons ; Portugal, 6,000,000 to 12,000,000 tons ; 
Italy, 2,000,000 to 11,000,000 tons; Sweden, 5,000,000 to 7,000,- 
000 tons; and France, 4,000,000 to 5,000,000 tons. Several other 
countries have smaller reserves. No estimates are available for 
the pyritic deposits of the United States, but they are abundant. 
In 1924 production was reported from five States—California, 
Virginia, New York, Ohio, and Wisconsin. 

The predominance of the Spanish pyrites, which contain 48 to 
50 per cent of sulfur, is evident in any study of either production 
or reserves. These ores are readily accessible to cheap transpor- 
tation and have been mined since the days of the Phoenicians. 
The Russian reserves, which seem to range from 40 to 50 per cent, 
are less accessible for world trade, but some of the ores from the 
Urals are conveniently located with respect to the development of 
a superphosphate industry to utilize Russian phosphates. The 
other deposits cited are all relatively accessible, and the grades 
range from about 30 per cent to 52 per cent. 


SUMMARY 


The following table summarizes the estimated reserves of the 
fertilizer minerals in all countries of the world for which figures 
are available: 
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WorLpD RESERVES OF THE FERTILIZER MINERALS 


Metric Tons 


iPhosphates= == 16,879,000,000 
Potash eee 2,338,000,000 
Nitrates’ S| eee ee 245,300,000 
Sulfur22:23=) 4. eee 56,000,000 
Pyrites 22 ee 183,000,000 

Totals. eee ee 19,650,000,000 


The world’s production of fertilizer minerals in 1924, as already 
stated, was about 18,000,000 metric tons. The table indicates that 
the reserves amount to about 19,650,000,000 tons. If the more 
liberal estimates for sulfur and pyrites are used the total would 
be about 20,000,000,000 tons. In either case the estimated amounts 
would be sufficient to supply the world demand for more than a 
thousand years at the present rate of production. Phosphate, 
sulfur, and pyrites are so widely distributed that no nation need 
fear privation through temporary exclusion from some source of 
supply. Natural nitrates are found in Chile, but these are sus- 
ceptible of replacement by by-product or synthetic nitrogen. The 
largest deposits of potash salts are found in Germany and France, 
but moderate reserves are now available in other countries. The 
recent discoveries of potash in Texas and elsewhere in the United 
States and the development of processes for the extraction of by- 
product potash, some of which are well advanced, lead to the 
expectation that the available reserves of potash outside the two 
nations named will eventually be greatly increased. 
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THE ECONOMICS OF THE FERTILIZER INDUSTRY 
By Cartes J. Branp 


The production of food, clothing and shelter lies at the very 
foundation of the economic life of the world. The nations able to 
supply themselves most generously with the raw materials and 
instruments of production of these basic human needs are, gen- 
erally speaking, the happiest and most prosperous. This is par- 
ticularly true when economic rewards are equitably divided among 
all classes of the people in reasonable accord with their contribu- 
tion to the national welfare. 

The fertilizer industry can rightly claim to be a heavy contribu- 
tor to human welfare. As a vital branch of the fundamental 
industry of agriculture, it is one of the most important factors in 
reducing the cost of the world’s indispensable needs. Thus it 
promotes the national economy by raising the standard of living— 
the proper goal of all economic effort. 


THE CONTRIBUTION OF CHEMICAL PLANT Foop To 
AGRICULTURAL PRODUCTION 


We have no adequate measure of the contribution made to 
agricultural production by the fertilizer industry, and hence to the 
feeding and clothing of the people. In older countries, particu- 
larly in Europe, the industry is of greater importance than it is in 
the United States, but even here it is already highly important and 
grows more so each year. A fair idea of its contribution to agri- 
culture can be gained by comparing the total value of a year’s pro- 
duction of fertilizers with the value of the increase in crops pro- 
duced by their use. 

The census of manufacture for 1923 assigns a total value to the 
products of the fertilizer industry for that year of $183,000,000 
at the factory. If 25 per cent is added for railway and other 
transporting costs, distributing expenses and profits, the value at 
the farm would be about $230,000,000. An expenditure as great 
as this must produce large returns to be warranted. 

In 1923 over 6,500,000 tons of fertilizer were sold; in 1921 
about 5,000,000 tons. The National Bureau of Economic Re- 
search estimates the farmer’s expenditure for fertilizer in 1921 at 
$204,000,000, 


24 MINERAL RAW MATERIALS FOR FERTILIZER INDUSTRY 


Director S. B. Haskell, of the Massachusetts Experiment Sta- 
tion, though working with data that he himself characterized as 
“woefully deficient,’ and considering only a limited number of 
crops, estimates that the value added to these crops by the use of 
fertilizer in 1923 was $697,644,000, or more than three times the 
total cost of the fertilizer used. 

A brief summary of Director Haskell’s figures, which combine 
the New England, Middle Atlantic and South Atlantic and East 
North-Central States, follows: 


TABLE 1. ESTIMATED CROP RETURNS FROM FERTILIZER USED IN THE 
CHIEF FERTILIZER-USING AREAS OF THE UNITED STATES FOR 1923 


Acreage Increase in Value Due 
Crop Fertilized to Fertilizer 

TROD SCC heres ke ate eee ee soe 976,000 $89,186,800 
POtatoes ss A Pe ee eee te reenter ees 1,244,666 58,576,333 
inucks Craps = et as eee | 716,267 40,648,745 
Wie ct ay sete ee PA Oe eee 13,383,000 76,791,741 
sweet £ 0latoes --- ==. eee 400,667 14,153,667 
Cotton and Cottonseed ___________ 7,357,000 283,277,627 
Corn ge =a xe, Bs tent ee LA 21,836,000 44,953,370 
Oats yee aoe Ss eae Ss) 11,182,000 27,589,167 
Ne (yg) See os ea sed aah 14,852,000 62,471,308 
ote ae a ee eee past 71,947,600 $697,643,758 


THe Draft oF Crop PRopUCTION ON So1t RESOURCES 


Declining yields per acre on individual farms in the United 
States have served notice on their operators that even the richest 
soils are not inexhaustible. Our agricultural plant is depreciating, 
and no sinking fund is being provided to cover its depreciation. 
Many blame the farmer for this loss of value. Liebig’s statement 
that “agriculture is, of all industrial pursuits, the richest in facts 
and the poorest in their comprehension” may have been aimed at 
the German farmer in the middle of the last century. Then and 
now this stricture is not altogether fair. For a long period in 
many nations farmers have operated at a disadvantage in their 
exchange relations. The purchasing power of their goods in terms 
of other commodities has been so low as to create a handicap that 
they could not overcome. Many a farmer would have a better 
home, would educate his children better, would buy better machin- 
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ery and undertake a program of soil improvement, including the 
use of chemical plant food, if he could only gain a fair net income. 
The factory worker is now receiving about the same wages he 
received in 1919, though the cost of living has been reduced, so 
that he is able to buy 16 per cent more; but the farmer, whose in- 
come has been reduced, must be content to buy 16 per cent less. 

Passing from the cause of the depletion of soils to the extent 
of their depletion we find that up to 1900 acre yields were increas- 
ing and that since then they have been declining. According to 
estimates of the National Industrial Conference Board our crop 
lands require 9,000,000 tons of nitrogen every year. Only 5,450,- 
000 tons are provided, 3,500,000 tons of which are supplied by the 
farms themselves. The result is an annual nitrogen deficiency 
of about 40 per cent.. The leading crops annually absorb about 
17,000,000,000 pounds of ammonia, phosphoric acid and potash, 
valued at about a billion and a quarter dollars, or about one-ninth 
of the value of the crops. To restore this loss there was used, in 
the year 1925, only about 2,400,000,000 pounds of plant food from 
commercial fertilizer, valued at about $225,000,000, while the 
farms themselves probably furnish altogether no more than about 
8,700,000,000 pounds of plant food, mainly in the form of animal 
manures. There is thus a deficinecy of plant food of about 5,900,- 
000,000 pounds, valued at least at $400,000,000, chargeable as a 
capital loss to agriculture, a loss independent of other forms of 
depreciation. 

Fertilization is usually the first thing to be neglected in unfavor- 
able periods. Expenditures by farmers for commercial fertilizer 
declined between 1919-20 and 1920-21 from $377,000,000 to $205,- 
000,000. This decline, however, reflects in part lower prices, in 
addition to a reduction in quantity used from 7,670,000 to 4,988,- 
ooo tons. This statement paints in one stroke a picture showing 
what happened to both agriculture and the fertilizer industry 
when deflation struck the farmer in 1920. 


POPULATION AND Sort FERTILITY 
The population of the world in 1923 was about 1,748,000,000. 
The U. S. Census Bureau estimates the population in 1926 at 
1,800,000,000, an increase over 1923 of 52,000,000. 
Many persons have been inclined to deride the teaching of 
Malthus on population and, to justify their derision, have pointed 
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to the increase in population since his great essay was published. 
Of course, Malthus never did teach that the world was in danger 
of overpopulation. He laid down the great principle that boun- 
tiful food supply tends to overpopulation, but he also left the clear 
inference that population could never outrun the means of sub- 
sistence. To disprove his principles, even as applied to his home 
country, England, it would be necessary to show that the persons 
of English descent who have populated so many corners of the 
globe could obtain their subsistence from the British Isles. In this 
connection we need only consider the history of America since the 
essay on population was written. 

Since Columbus discovered America the world’s population has 
grown from about 400,000,000 to 1,800,000,000. In 1798, when 
Malthus wrote his essay, the population of the world was about 
630,000,000. The increase in the means of subsistence for the 
world as a whole is not keeping pace with the growth of popu- 
lation. Food is the factor limiting this growth, and the potential 
food production of the world can not be determined. Increase in 
production due to the intelligent use of commercial plant nutrients 
alone may perhaps double the human carrying capacity of the 
world. In the livestock industry the carrying capacity of pas- 
tures is well understood. The same principle applies to nations 
when they cannot, by increased production or by immigration, find 
relief from the stress of overpopulation. That production is not 
keeping pace with the growth of world population appears, with- 
out undertaking too detailed an analysis, from the table given 
below. 


TABLE 2. WORLD PRODUCTION OF IMPORTANT AGRICULTURAL 
Propucts, 1918 AND 1924 


19138 1924 
Wiheat;sbushels!=2 aera ee ees 4,087,000,000 3,472,739,000 
Corns bushels 22 se ee 3,744,000,000 3,721,000,000 
Riye,abushelsst = os = ee 1,893,000,000 1,419,990,000 
Oats; «bushels. Ses ee eee 4,798,500,000 4,184,000,000 
Barleygbushelsw-s=seee see ae ee 1,779,000,000 1,382,000,000 
Gotton .balesiz.2.4 eee = ee 26,259,000 24,700,000 
Wools spOUundS fee eee os eee 2,881,000,000 2,837,000,000 
Swine num betwee = ee = ae eee 259,000,000 221,967,000 
M Ma aRN OS FONG: eee. 2,660,000,000 3,100,000,000 


Potatoes;-bushels - acne ee eee 4,719,000,000 4,446,000,000 
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In this table the production of ten of the most important agri- 
cultural commodities is given for 1913 and 1924. For every prod- 
uct except one the production in 1924 was smaller than in IQT3. 
The exception is tobacco, which showed a notable increase. To- 
bacco contributes much to man’s pleasure, but it will not keep him 
alive long in the absence of food. 

The need of increased expenditure for maintaining soil fertility 
is shown quite as well by the growth of our own population as by 
the growth of the population of the world as a whole. The fol- 
lowing figures sketch the picture in a few strokes: 


Year Population 
Uo 00 ee no eo ee ae ge ee oe 5,000,000 
I 5 0) See Ee Cae El yc 23,000,000 
90 0 eee re ee ee 74,000,000 
SIRS Pe aad an oe SI i ba wr Bie ss awl 114,000,000 


No more new lands are available in the United States for 
exploitation. The area already included in farms, 905,000,000 
acres, represents very nearly the maximum area available for 
future use unless the prices of farm products reach a level so high 
as to bring into use lands that may be farmed by dry farming, 
irrigation, drainage or clearing. 

The increase of production by the larger use of fertilizers 
appears to afford a solution of the problem, as it is more eco- 
nomical and hence on the whole more likely to be adopted. Migra- 
tion and free trade may be resorted to, but some nations, by rea- 
son of unwillingness or inability to migrate, either through defi- 
cient means or because of legislative restrictions by receiving 
countries, will meet the problem as it has been met in China for 
centuries—by reducing the standard of living. We hope, for the 
economic and social welfare of America, that the farmer, by his 
own efforts and by the wisdom of American statesmen, will not 
be forced to resort to a lower standard of living, which may ulti- 
mately mean peasantry instead of a freeholding, upstanding, farm 
citizenry, which in past crises has been the backbone of the nation. 


Laspor EconoMy THROUGH FERTILIZER USE 


Labor is about the most expensive item in the cost of producing 
agricultural commodities. Since the deflation of 1920 it has been 
a particularly burdensome item. In 1920 the index number of 
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farm wages was 239, while the index number of farm prices, 
based on a five-year base of August, 1909, to July, 1914, was 205. 
In 1921 wages fell to 150, but farm products fell to 116. By 1924 
farm wages had risen to 166, but farm products were still 134. In 
1925 the relation was wages 168, products 147. 

Increased production that can be gained by substituting com- 
mercial plant food, with an index number of 125, for labor, with 
an index number of 168, both compared with pre-war figures, is 
good economy and should be counted upon to carry the use of fer- 
tilizer to an adequate state of development. 

The utilization of less labor and more capital should be the goal 
of every effort in American agriculture. In densely populated 
countries, where the agricultural population has assumed the 
status of peasantry, a vast amount of labor is expended in produc- 
tion. Although the use of fertilizer has been greatly developed in 
such countries, the amount of labor used is relatively large. In- 
tensive agriculture, in the sense of an agriculture dependent upon 
the extensive use of human labor, is usually a poverty-stricken 
agriculture. Labor is relied upon to make up the deficiency in 
productive land and other forms of capital. The economy of 
human energy is one of the most important phases of all eco- 
nomics, and the contribution of commercial plant food to this end 
will prove to be one of its greatest benefactions. 

An illustration of the increased productiveness of labor that 
lies in reach when good farm machinery and well-chosen and 
properly used fertilizers are applied is furnished by the extended 
investigations of the Ohio Experiment Station. Expressed in 
bushels the following returns were obtained: 


Corn Oats Wheat 
One hour’s labor on unfertilized areas produced_ 0.55 2.00 1.13 


One hour’s labor on fertilized areas produced___ 1.55 4.00 3.02 


By reason of increased yields the larger crops were produced at 
about two-thirds of the cost of the smaller. 

The New Jersey Experiment Station found that the average 
income from labor received by farmers who grew less than sixty 
barrels per acre of potatoes was $172, while the farmer who grew 
121 barrels per acre received an income from his labor of $2,169. 
He used 1800 pounds of a fertilizer containing 4 per cent of nitro- 
gen, 8 per cent of phosphoric acid and to per cent of potash. The 
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gain of the good grower is not confined to added quantity but 
includes also higher quality, thus increasing the percentage of his 
crop that is marketable at the highest range of prices. 

The possibility of increased production as between different 
countries is shown to some extent by the average number of acres 
cultivated per farm worker in some of the important countries, 
which are as follows: 


United States... 24,4 Wyrance oe) Cu g er 8.3 
Conde a 16.6 Geran ye oe eae 6.2 
RPI SIIGY Ye ae ae 9.5 bal ype ee ae Re We 4.2 


In product per farmer the American farm worker is the most 
efficient. 


EXCHANGE RELATIONS COMPARING FERTILIZERS WITH 
AGRICULTURAL AND Non-AGRICULTURAL CoM MODITIES 


With all their weaknesses, index numbers are the most con- 
venient means of expressing fairly and concisely the exchange 
value of commodities or services of one group in terms of those 
of another. The fertilizer industry has operated at a disadvantage 
during the last five years because of the disparity of farm prices 
with other prices, a disparity that has been practically world-wide. 
European farmers have in fact been better situated than Ameri- 
can farmers, because the prices of American export crops are so 
largely determined in the foreign market, where they include not 
only the price paid the American producer but all the expenses 
and profits, including the cost of transportation and delivery to the 
foreign market. When wheat is $1.50 at Kansas City, it may be 
$2.00 at Liverpool, and the European farmer receives the price at 
his nearest base market less the relatively small cost of shipment 
to it. 

This condition reacts upon the fertilizer industry, so that for 
over three years the prices of commercial fertilizers at the farm 
have been below those of farm products. During the same period 
farm wages have been 21 to 31 points higher than farm products. 
As the cost of labor and power make up about 60 per cent of the 
cost of farm products, the effect of the high cost of labor on the 
farmer is readily apparent. 

In the following table the index number of too for the price of 
farm products and for wages is based on the five-year average 
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from August, 1909, to July, 1914. The base for the wholesale 
prices of all-commodities and of commercial fertilizers at the farm 
is the average for 1914. The general validity of the comparison 
is not vitiated by the difference in the base periods. 

TABLE 3. INDEX NUMBERS OF FERTILIZER PRICES, FARM PRICES OF 


Farm Propucts, FARM WAGES, AND WHOLESALE PRICES 
oF ALL COMMODITIES 


i A Wholesale Prices 

ver | “Commerce! | Farm Bisdads | sam | cath te 
19142 100 | 102 | 101 | 100 
(oo 130 124 | 146 | 152 
192322 =| 120 | 135 | 166 | 157 
1924____| 118 134 | 166 | 153 
f02b eee 125 147 | 168 | 162 


TABLE 4. PURCHASING POWER OF COMMERCIAL FERTILIZER AND FARM 
PRODUCTS IN TERMS OF ALL COMMODITIES 


Vear Purchasing Power of Farm Purchasing Power of Commer- 
Products at the Farm cial Fertilizer at the Farm 


OT aa be eer | 105 | 100 
TPL ote ey a 74 | 86 
jon s ee ese th | 79 | 77 
ey Ce eens 83 77 
opt Sense oe | 89 77 


The index number of farm products represents the value of a 
composite unit of these products in exchange for non-agricultural 
commodities at wholesale prices, compared with pre-war values. 


REDUCED Cost oF PRODUCTION THE GREATEST NEED 


The present need is not greater production but reduction in the 
cost of production. The prices in world markets for exportable 
farm products are at a level so low relative to the prices of other 
commodities as to leave American farmers little or no net profit 
on some of their largest money crops and products. Production is 
usually regarded as the road to salvation, but when each increase 
threatens to reduce the aggregate total value by more than the 
offsetting value of the added quantity, the producer may be seized 
with a conviction that he is on the wrong road. 

No doubt many special crops that are of high value at particular 
seasons or that are produced in small total quantities are worthy 
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of increased production. Since the present tariff law went into 
effect it has been profitable to produce wool, flax for linseed oil 
and other protected products. The same statement will apply 
to sugar, because our domestic production is far less than our 
home consumption. A large body of farmers may be able to 
prosper on production at low cost by the right use of fertilizers, 
proper tillage, good seed, drainage and liming, when the average 
farmer may sustain a loss. 

In this connection a comparison of the percentages of workers 
employed in the larger industrial groups and the share of the 
national income that they receive may be of interest. Figures for 
the most recent years are not available, but the status of agricul- 
ture has improved very little. 


TABLE 5. DISTRIBUTION OF GAINFULLY EMPLOYED AND SHARES IN 
NATIONAL INCOME, MAsor ECONOMIC GRoUPsS, 1918-1921 


Percentage of Working Population Engaged 


| Agriculture planviocae Mining | Transporta- | Miscellaneous 
g tion 
Oi S eee es | Zileat | 30.10 2.84 | 1.79 | 37.86 
OLg eae | 22.06 | 31.43 PASH | 8.12 | 35.42 
1920 See | Pag | 31.27 | 3.09 | 8.78 | 34.69 
OD aera .' | 21.70 28.89 | 3.06 | 8.63 | 37.72 
Share of Income (Percentage) 
igi | 2101 | 2865 {| 393 | 867 | 38.34 
99 eae | 18.33 26.82 3.18 | 8.68 | 43.09 
20 eee 13.84 | 29.78 3.68 9.67 | 43.03 
TRS AAS a | 10.56 | 24.07 | 3.04 | 9.78 | 52.55 


The problem of remedying the injustice to agriculture here 
shown is not only economic but political, for laws are made that 
give greater advantages to some groups than to others. Certainly 
the burden of production without a fair profit does not rest upon 
agriculture. The question, then, is one for all the people, con- 
sumers as well as producers; and all things considered, each 
nation should establish a policy that will make for the permanent 
production within its borders of the greater part of its supplies of 
food and clothing. 
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User oF FERTILIZERS IN FOREIGN COUNTRIES 


Economic pressure, particularly in European countries, is forc- 
ing the maximum domestic production of raw food and other 
materials, and in some countries even war-time conservation pro- 
grams are in effect. Increased production is achieved in good 
part through the use of commercial plant foods. The effect of this 
practice on the United States export trade in food products is 
considerable and may become greater. 

The efficiency of fertilizer in increasing the productiveness of 
soils may be shown by comparing the yield of wheat and the 
amount of plant food applied per acre in the United States and in 
a group of European countries in 1922: 


TABLE 6. WHEAT YIELDS OF THE UNITED STATES AND FIvE OTHER 
COUNTRIES COMPARED 


Wheat Yield per Acre | Plant Food 
(Bushels) Used (Pounds) 
Uniteda States =a | 13.9 | 5.1 
Eolland f= eee 41.1 | 168.4 
(Dern 3 eee er ee 39.0 | 14.6 
Belowumie se eee ae eee 35.4 | 30.4 
NoateN Ih oe eA oe ee Pe | Bien | 19.0 
Germania eo 21:2 | 65.0 


Not all the difference in yield thus shown can be attributed to 
the difference in the use of fertilizers. Soil-conserving rotation 
and better tillage play their part, as well as the saving and use of 
a maximum amount of available manure and crop waste. In this 
connection it is well to remember that 100 pounds of a well-bal- 
anced high-grade commercial fertilizer contains as much plant 
food as a ton of manure. Wise husbandry, however, embraces 
all good farm practices and does not place sole reliance on any 
single one, and the fertilizer industry, in the interest of economy, 
therefore teaches good farming in the broadest and best sense of 
the term. 

High-priced truck crops warrant the use of as much as three 
tons of plant nutrients per acre. Tobacco of high quality cannot 
be grown without the use of artificial manures, particularly potash. 
Maine grows about 225 bushels of potatoes per acre, while Michi- 
gan, another great producer of potatoes for market, grows only 


106 bushels, largely because fertilizer is used in the one State and 
not used in the other. 


Sis ato eel 


wr yNee fae 


RE ay NH OL Fuge ee Gs OL PERLE Lie eG TGR EN aT dM 


THE ECONOMICS OF THE FERTILIZER INDUSTRY 33 


Tue INpustry BrreFLy DESCRIBED 


National economy calls for the maximum utilization of useful 
waste materials and by-products. The fertilizer industry is a 
genuine wealth-producing instrumentality, though the old view 
that it is primarily a waste-using industry is no longer true. The 
fertilizer industry is a great and important branch of the chemical 
industry. Its problems are those of industrial and chemical engi- 
neering. Its processes and products have become, from year to 
year, more largely the result of chemical reactions involving the 
great triumvirate of plant foods—nitrogen, phosphorus, and pot- 
ash—which are obtained from any available source, provided only 
that they can be made readily available for assimilation by crop 
plants. 

The first chemical fertilizers made in the United States were 
produced experimentally in Baltimore by Dr. P. S. Chappell and 
William Davison about 1850, the same year in which fertilizer 
factories, in the modern sense, were erected in Germany. In 1856 
it is estimated that 20,000 tons of artificial fertilizers were manu- 
factured in the United States and 60,000 tons of Peruvian and 
Mexican guano were imported. 

By 1860, when the Bureau of the Census began to treat the 
fertilizer industry as a separate enterprise, forty-seven firms were 
engaged in making fertilizer. Forty of these were new firms. 
Only seven reported that they had been engaged in the industry 
prior to the census year. Three of the seven were operating in 
Baltimore. The forty-seven concerns reported in the census of 
1860 employed 308 hands. They used materials valued at $590,- 
ooo and produced goods valued at $891,000. Only $466,000 
capital was invested in the industry, and the total wages of all 
classes of its employees for the year were $95,000. 

In 1919, when the industry reached its high-water mark, 600 
establishments reported to the Census. They employed over 
32,500 persons, used materials valued at $185,000,000, and pro- 
duced goods valued at $281,000,000. The capital investment in 
the industry was over $311,000,000, and practically $37,000,000 
was paid in salaries and wages. 

Then came agricultural deflation. The number of enterprises 
dropped, the number of persons engaged decreased from over 
32,500 to about 23,500, the salaries and wages paid decreased from 
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about $37,000,000 to a little over $26,000,000, and the value of 
materials used fell from $185,000,000 to $128,000,000. On the 
other hand, the value of products fell much more, decreasing from 
$281,000,000 in 1919 to $183,000,000 in 1923. 


Cuter LocaTIONS OF MANUFACTURE AND USE 


The States in which most of the fertilizer-producing plants are 
in operation are Maryland, Georgia, Virginia, South Carolina, 
Florida, New Jersey, Alabama, Pennsylvania and Ohio. If Mary- 
land and Oklahoma are included as Southern States over 71 per 
cent of the fertilizer manufactured in 1925 was used in the South. 
North Carolina, South Carolina, Georgia, Virginia and Alabama 
are the heaviest using States. In the North, in quantity consumed 
New York, Pennsylvania, Ohio and Indiana take the lead. The 
relative importance of North and South as consuming areas is 
shown by the following comparisons covering the years given: 


Total sales in United States 1920 1921 1924 1925 
(tons) eee ee eee 7,669,709 4,987,998 6,982,171 7,492,109 
Total sales in South (tons) 5,466,524 3,125,602 4,952,247 5,833,561 


Per cent South__________ 71.3 62.7 70.9 71.2 


During the period of more than sixty years in which the fer- 
tilizer industry has been in operation its growth has been gradual. 
The unusual depression which culminated in 1921 and from which 
the industry is now recovering is a notable departure from the 
long-time trend. The following table, obtained from Census 
reports, indicates the progress made: 


TABLE 7. QUANTITY AND VALUE OF FERTILIZER PRODUCED IN THE 
UNITED STATES FROM 1860 TO 1923 


Tons of Value 

2000 Pounds Value per Ton 

166058 5. eee oe ee (no data) $ Sot 344 eee 
LS OME eee: eee, meet eee (no data) 5,915,113 
SS OL Soe eee a eee ae te ee 727,453 19,921,400 $27.38 
88 0 eee ee Oe eee es 1,898,806 85,519,841 TeZAl 
18 OO 1s anes Set ak ie cee ee 2,887,014 42,097,673 14.58 
1004 See eS ee eee 3,591,771 56,928,084 15.85 
9 00 sae eS en ee Re 2 ee er Oil 100,089,971 17.81 
BON Ne are od Con epee Bene S432-206 153,260,212 18.18 
OI ee eer ee eee ee 8,237,011 284,544,523 84.54 
LO Zi Soe tee 2 ee ene ers 5,994,179 174,878,864 29.17 


DPS ea pins ese aes a eS 7,049,288 177,226,967 23.48 


ee wee re Ss Ce ee 
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In considering the rise and fall of value per ton it is important 
to remember that there has been a gradual increase in the quantity 
of plant food in a ton of fertilizer in recent years, so that the 
value of $23.48 for 1923, if plant food content is considered, is 
but little higher than the value of $18.18 for 1914. 


INTERRELATIONSHIPS OF THE INDUSTRY 


The industry has many interrelationships to other industries. 
Primarily, of course, it is agricultural. It uses many by-products 
of the packing plant, where the farmer sells his livestock, and 
hence is a factor in livestock prices. It is the largest consumer of 
sulfuric acid in the world, using an average of 1,929,000 tons, 
which is approximately one-third of the total production. It 
furnishes an outlet for the sulfate of ammonia obtained as a by- 
product of the destructive distillation of coal, petroleum and other 
materials. The cement industry, the copper industry and still 
others contribute to its raw and finished material. 


AMMONIA, PHospHoRIC AcID AND PotasH CONTENT OF 
FERTILIZERS USED IN THE UNITED STATES IN 1925 


W. Arthur Shelton, economist of The National Fertilizer Asso- 
ciation, estimates that the total quantity of fertilizer used in the 
United States in 1925 was 7,454,724 tons. In December, 1925, in 
connection with an effort to reduce the number of grades manu- 
factured, our members were requested to report by analyses their 
production for their latest fiscal period. The response to the 
request was not wholly satisfactory, but members reporting 
showed a total manufacture of 3,222,505 tons, which is 43.1 per 
cent of the estimated total sales of all fertilizer in the United 
States for 1925. 

As the reports were given by analyses, each showing the per- 
centage of the three important plant foods per ton, it has been 
possible to estimate the total quantity of each plant food and the 
average percentage of each per ton. Certain necessary elimina- 
tions reduce the tonnage that could be used in the computation 


from 3,222,505 to 3,056,705 tons. 
If the ammonia used is expressed in terms of nitrogen, the total 


nitrogen used in 1925 was 125,239 tons. 
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PLANT Foop IN FERTILIZERS MADE IN THE UNITED STATES IN 1925 


i Estimated Quantity 
Quantity of Each Plant Food ot Each Plant Food 
Plant Food Based on| Content Ex- in the Total Con- 
Total Reported in |pressed in Per-) sumption of 1925 
Survey (Tons) centages (Tons) 
Ammonia (N 1.2158) - 62,428 2.04 152,076 
Phosphoric Acid ____-- 332,954 10.89 811,819 
Potash si! == =a 83,951 2.75 205,005 
Lota | 479,333 | 15.68 1,168,900 


The amount of nitrogen used in commercial fertilizers has an 
important bearing on the problem of the wisest utilization of the 
power facilities Constructed by federal appropriation at Muscle 
Shoals, Alabama. 


RAISING THE PLANT Foop CONTENT OF FERTILIZERS 


The cryptic figures describing fertilizer analyses, such as 8-2-2, 
9-3-3, 15-5-5, which look like football signals sound, represent 
merely a convenient way of stating the percentage of various 
plant foods contained in a given quantity of fertilizer. In the 
North the nutrients are usually expressed in the following order: 
nitrogen, as ammonia; phosphoric acid (P,O,); and potash 
(K,O). In the South it is customary to give the phosphoric acid 
first, then the nitrogen, and finally the potash. 

A 9-3-3 analysis means that each ton contains 15 units of 
plant food, proportioned as the figures indicate, nine of phos- 
phoric acid, three of ammonia and three of potash in one of its 
numerous forms. As each unit represents I per cent of a ton, 
its weight is 20 pounds, so a 9-3-3 fertilizer contains 300 pounds 
of actual plant food, the remainder being largely the carrying 
material. 

The industry has long recognized that the use of fertilizers 
carrying an unduly low content of plant food was in many re- 
spects uneconomical. In spite of this fact farmers have demanded 
fertilizers of low analysis, largely through failure to realize that 
the expense of freight, bagging and similar items added greatly 
to the cost of their commercial plant food without giving them 
any corresponding return. It costs as much for freight and takes 
as many bags to ship a ton of fertilizer containing eight units of 
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plant food as to ship a ton of fertilizer containing sixteen or 
twenty-four units. 

The cost of manufacture of higher grades is, of course, pro- 
portionately larger, but even here economies are effected. Asa 
result the fertilizer industry, encouraged by the agricultural au- 
thorities of the States, particularly the agronomists of the agri- 
cultural colleges and experiment stations, has led in a movement 
to bring about the use of goods of higher analysis. Great progress 
has been made; in fact in some areas or with respect to some crops 
it is possible that the movement has gone as far as it should, 
though there is much still to be accomplished for other areas or 
crops. 

Formerly goods containing only 8 to 12 units of plant 
food were commonly used. Now the average content of plant 
food is above 16 per cent. Some States have by legislation or 
administrative action fixed 16 per cent as the minimum that may 
be legally manufactured. With the growing manufacture of new 
materials, both at home and abroad, containing even as much as 
70 per cent of plant food, it is likely that the inevitable trend, as 
our knowledge grows greater of their ptoper use, will be toward 
fertilizers of much higher analyses than those now used. 

Our knowledge of the reactions of crops and plants to concen- 
trated fertilizers is still in its infancy, and it is therefore neces- 
sary to temper with caution the rate at which new and higher 
analysis goods are driven into the market by sales pressure. As 
experimental evidence accumulates, however, the trend of sound 
economy will call for a more extensive use of these more expen- 
sive goods, and the agricultural forces of the nation will nat- 
urally promote their greater use as our knowledge of their value 
and how to apply them is increased. 

The progress that has been made in raising the plant food con- 
tent of commercial fertilizers cannot be shown more effectively 
than by comparing 1917 with 1925. Hitherto it has been the 
practice to consider all goods above 14 per cent as high-analysis 
goods. More recently a special committee of the Association, 
presided over by the chairman of this conference, adopted 18 per 
cent as the beginning point of higher analysis fertilizers. 

In 1917 the Department of Agriculture, in a survey that in- 
cluded almost identicaliy the same number of tons (3,179,135) 
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that were included in our survey in 1925, found that only 25,955 
tons of 8-4-4 fertilizer were used. This equalled .69 per cent of 
the total for 1917. In 1925, 131,049 tons of 8-4-4 were used, 
equal to 4.15 per cent of the whole, and of all of the analyses 
reported it stood third, with only 16 per cent acid phosphate and 
8-3-3 showing a greater tonnage. 
On the other hand, 8-2-2 goods comprised 163,756 tons, or 5.15 
_per cent of the 1917 tonnage, while in 1925 this relatively low 
analysis fertilizer comprised 3.35 per cent of the total, or 106,069 
tons. The complete fertilizer now most used, 8-3-3, comprised 
15.14 per cent of the 1925 tonnage but only 1.49 per cent of the 
1917 tonnage. The economic trend toward higher analyses is 
clearly established, and it is only a question as to how far and 
how fast it is wise to go. 


ANALYSES Most GENERALLY USED As SHOWN By 


QUANTITIES SOLD 


Sixteen per cent acid phosphate stands out with 24.15 per cent 
of the total of the fertilizers reported. 

The first in the list of complete fertilizers is 8-3-3, with a 
percentage of 15.14. 

The second is 8-4-4, with 4.15 per cent. 

The third is 8-2-2, with 3.35 per cent. 

The fourth is 10-2-2, with 2.52 per cent. 

From this it appears that these five comprise 49.31 per cent of 
the total tonnage. 


PROPORTION OF COMPLETE AND INCOMPLETE FERTILIZERS USED 


Of the 174 analyses constituting 96.76 per cent of the total of 
709 grades complete fertilizers formed 67.3 per cent. This 
amount contained all three of the important ingredients—phos- 
phoric acid, ammonia and potash. 

28.2 per cent contained acid phosphate only. 

3-9 per cent contained acid phosphate and potash combined. 
.5 per cent contained acid phosphate and ammonia. 
.07 per cent contained ammonia and potash. 

Of the total amount of fertilizer used in 1925, 67.3 per cent con- 

tained the complete range of ingredients. 
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Economy oF REDUCING THE NUMBER OF ANALYSES 
MANUFACTURED 


Of the 3,222,505 tons reported upon in the Association’s survey, 
the information as to plant food content was stated for 3,159,083 
tons, or 98.03 per cent of the grand total. 

Seven hundred and nine separate analyses or grades were in- 
cluded in the 3,159,083 tons; 174 analyses included 3,056,705 tons, 
or 96.76 per cent of the total of 709 grades; 535 analyses, each 
embracing less than 1000 tons, comprised a total of only 101,378 
tons, or 3.24 per cent of the total. 


BuLK oF ToNNAGE FALts In SMALL NUMBER OF GRADES 


The first five analyses constitute 49.31 per cent of the total ton- 
nage of 709 grades. 

The first ten constitute 59.85 per cent. 

The first fifteen, 67.03 per cent. 

The first twenty, 71.7 per cent. 

The first twenty-five, 75.2 per cent. 

Below the sixteenth analysis in tonnage in the series, no analysis 
constitutes as much as I per cent of the total. Below the fiftieth 
analysis no grade constitutes as much as one-fourth of 1 per cent 
of the total. 


WASTE DUE To MULTIPLICITY OF GRADES 


Agronomists generally agree that, considered as to crop produc- 
tion, the present range of analyses is ridiculously great. In a 
number of States a series of twelve analyses has been adopted as 
sufficient for practically all agricultural needs. 

Multiplicity of grades causes waste and increases cost-—— 

1. By increasing inventory. 

2. By adding to the space required for working and storage, 

thus increasing fixed investment. 

3. By reducing output on account of the time required to change 

from one analysis to another. 

4. By adding to bag printing costs. 

5. By increasing the number of errors in filling orders. 


In this industry, as in others that have adopted programs of 
simplification, progress is being made in spite of the excessive 
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number of grades still offered. Uncertainty in the minds of fer- 
tilizer makers as to the attitude of law-enforcing officials, who are 
inclined to regard simplification recommendations as indirect ef- 
forts at price-fixing, is a serious hindrance to economic progress 
in dealing with this problem. 


PROBLEMS OF PRICES AND PRICING 


No industry responded more promptly and more completely 
than the fertilizer industry to the demands due to the World War. 
New plants were built and the capacity of old ones was increased. 
Stocks of material were bought to make certain that the demands 
of our farmers could be supplied. Later, when these stocks were 
sold, they brought far less than their cost. New sources of mate- 
rials, particularly of nitrogen and potash, were developed at con- 
siderable cost. 

The consequence of widespread selling at less than cost was 
demoralization, which began in 1920, got fully under way in 1921, 
and did not culminate until the spring of 1924. At that time 
panic seized the industry and, in the fever to sell, all thoughts of 
cost and value appear to have been put aside. Losses aggregating 
between $150,000,000 and $200,000,000 have been sustained, and 
not until 1925 did the industry settle down so that it could operate 
with reasonable efficiency and make a profit. 


Tue WASTEFULNESS OF INADEQUATE FERTILIZATION 


As a result of the manufacture of some fertilizers of exceed- 
ingly low analysis, farmers have been encouraged to spend money 
for quantities of plant food which, when applied to given acreages, 
are too small to produce economical results. Application at ordi- 
nary rates of grades containing as low as ten units of plant food 
probably represent a real waste, particularly if such mixtures 
contain only 1 per cent of nitrogen and 1 per cent of potash. The 
efficient use of fertilizer calls for the heaviest application that will 
give crop returns at prevailing market prices in excess of the cost 
of the fertilizer and the cost of its application’ The quantity 
should be raised as nearly as can be determined to the point where 
the law of diminishing returns begins to take effect. 

One New Jersey farmer who applied the usual amount of 
fertilizer to his potatoes obtained less than sixty barrels per acre. 
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Another who increased by 25 per cent the quantity of fertilizer 
applied obtained 121 barrels per acre. Many a farmer applies 
quantities so small as to have practically no effect upon the crop. 

In experiments made co-operatively under a research fellowship 
sustained by The National Fertilizer Association at the University 
of Maryland it was shown that 2000 pounds per acre of a fertilizer 
of a given analysis produced the maximum improvement. The 
adjacent plat, treated with 2500 pounds, showed deterioration ; 
and the next plat, treated with 3000 pounds, showed positive 
injury due to the excess. 


PLANT CAPACITY OF THE INDUSTRY 


Of the total of seven and one-half million tons of fertilizer 
used in 1925 probably not more than six and one-half millions 
were shipped from fertilizer factories. As the estimated total 
capacity of the industry is about ten million tons, it is not sound 
economics to increase capacity generally, though there may be 
particular locations where the erection of new plants would be 
justified. Over-production constantly menaces the industry, inter- 
fering with that stabilization which is essential to the best public 
interest. 


HYDROELECTRIC POWER AND FERTILIZER MANUFACTURE 


In the earlier stages of the manufacture of synthetic nitrogen, 
large supplies of cheap hydroelectric power were necessary in all 
the relatively practical processes. With the improvement in 
catalysts that has been made, this limitation no longer prevails. 
In fact, it has been clearly demonstrated that British coal can be 
carried to the south of Sweden and converted into power as 
cheaply as the power can be made by expensive hydroelectric 
installations on the mountain watercourses of thatecountry. 

This fact, as well as many others related to it, has an important 
bearing on the question whether or not it is wise national policy 
to devote the power generated by the Wilson Dam at Muscle 
Shoals to fertilizer manufacture, either with or without subsidy, 
under government control or under private lease. 

No necessity exists for subsidizing the fertilizer industry. Its 
capacity is ample to supply all demands. Its manufacturing pro- 
cesses and machinery, as well as its distributive procedure, are 
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as efficient as those of other American industries subjected to 
similar risks and uncertainties. 

The large-scale production of cheap nitrogen under a subsidy 
may intensify the agricultural crisis that has now prevailed for 
nearly five years rather than tend to its relief. In fact, if exten- 
sive manufacture of fertilizer under government auspices, directly 
or indirectly, is projected upon an industry that is only now 
recovering from war and post-war disabilities, the result may be 
to lessen our available plant food supply by driving many enter- 
prises out of business. 

Fertilizer prices are not out of line with others, and the creation 
of a subsidized section of the industry is not warranted for the 
relief of extortion. The opinions of competent engineers, as well 
as the experience gained experimentally at the two existing plants, 
afford no ground for assuming production at lower costs than 
those attained under private auspices. It is distinctly contrary to 
American ideas to inject the government into any feature of busi- 
ness conducted by private enterprise when those who are engaged 
in that business are functioning in a measure fully equal to that 
reached by other essential enterprises. 


CoNCLUSION 


The fertilizer industry is in its very nature grounded on deep 
and sound economic foundations. It is a wealth-creating and 
wealth-using instrumentality. It aims at the economy of human 
energy. It is founded on production and not on predation. It 
raises the world’s standard of good living. Finally, it is worthy 
of fostering because of its importance in the national economy of 
serving—not hindering—those who can and do pass the service on. 
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THE TECHNOLOGY OF THE FERTILIZER INDUSTRY 


By Harry A. Curtis 


GENERAL RELATION OF THE FERTILIZER INDUSTRY TO 
ENVIRONMENT 


A discussion of the fertilizer industry cannot be quite general, 
for the industry is by no means the same everywhere, local 
environment exerting a powerful influence on its character and 
development. The resources of a country in necessary raw mate- 
rials, its agricultural practices, and its general industrial organiza- 
tion fix more or less esapletey) the whole character of its fer- 
tilizer industry. 

Raw material resources are the most obvious of the factors 
shaping the industry. In the United States, for example, the 
fertilizer industry is built around a great natural wealth of phos- 
phate rock; in Germany the industry was originally centered on 
potash, but it has more recently become centered on nitrogen. 

Likewise the agricultural practices of a country are active fac- 
tors in determining the nature of its fertilizer industry. In the 
United States there is still plenty of agricultural land per capita, 
and our needs are best served by an agricultural system wherein 
the area farmed per individual worker is large. Such a system 
calls for a maximum of machine cultivation and for fertilizers 
that can be handled by drill attachments. In general, mixed fer- 
tilizers are required, for labor is relatively too valuable to be used 
in applying fertilizers separately or repeatedly. As new agricul- 
tural land becomes less available, this condition will necessarily 
change. In Europe labor is relatively less expensive and agricul- 
tural land less abundant. The agricultural system there is neces- 
sarily one that calls for a higher production per acre. It is not so 
necessary that the fertilizers be drillable or that they be applied in 
a single operation. This fact is reflected in the fertilizer industry. 

And finally, the fertilizer industry of a country, along with all 
its other industries, is to some degree determined by the general 
industrial organization possible under the political and legal 
environment which prevails. We judge that such concerns as the 
B. A. S. F. of Germany, or the Montecatini of Italy, or even the 
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British Sulphate of Ammonia Federation would face immediate 
and perennial Congressional investigations if set up in the United 
States. A proper fertilizer industry in this country 1s apparently 
one composed of a lot of little companies merrily fighting one 
another. Let us grant that competition is the spur of industrial 
progress and a public safeguard against the greed of capitalism. 
Still must we recognize that excessive competition possesses some 
unfortunate features. One of these is that it discourages technical 
developments, for such developments usually grow out of the 
results of scientific research. Research is costly, and the cost must 
be distributed as an overhead acting to increase the selling price 
of the products. Small concerns cannot carry along a research 
program on a scale large enough to be effective. No American 
fertilizer company could possibly carry such an overhead for 
development as does the B. A.’S. F., even if we could find an 
American fertilizer concern that desired to carry on research. 


Speciric Factors THat DETERMINE FERTILIZER TECHNOLOGY 


Aside from the general factors that determine the character of 
the fertilizer industry of a country, there are others, which arise 
from certain requirements that fertilizers themselves must meet. 
Fertilizers, for example, must contain plant food in an available 
form—that is, in a form in which it becomes soluble in the soil. 
Most of the raw materials that the fertilizer manufacturer assem- 
bles already contain plant food in available form. This is true of 
ammonium sulphate, of Chilean nitrate, cyanamide, calcium ni- 
trate, cotton seed meal, fish scrap, and dried blood, as well as of 
all potash salts. It is not true of phosphate rock, nor of certain 
organic ammoniates, such as leather and fur scrap. 

The first concern of the fertilizer manufacturer, then, is to 
convert any non-available plant food which his raw material may 
contain into available form. For this purpose he uses but one 
reagent, sulfuric acid, but of this he uses enormous quantities. In 
1925 the American fertilizer industry used over three and a half 
million tons of sulfuric acid, more than was used by any other 
industry. A relatively small proportion of this acid was used on 
nitrogenous material, the great bulk of it going into the manufac- 
ture of acid phosphate—about a ton of acid per ton of rock. The 
technology involved is relatively simple, limited to a few such unit 
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operations as grinding, mixing, and the handling of material. There 
have been improvements in this phase of fertilizer technology dur- 
ing the last decade, but most of them have followed the improve- 
ments that have been made by manufacturers of grinders, mixers, 
conveyors, etc. 

The next step in the manufacture of mixed fertilizers such as 
are in common use in the United States is the compounding of 
materials containing one or more of the three so-called plant foods 
—nitrogen, phosphorus and potassium. The technology here is 
determined by the materials available, the predetermined analysis 
of the finished product, and the requirement that the product must 
be in good condition for handling. In making up a mixed fertil- 
izer, it is very easy, the analyses of the individual raw materials 
being known, to calculate the quantity of each that must be taken 
and the quantity of inert material, such as sand, that must be 
added in order to give a mixed fertilizer of any predetermined 
analysis. There are, to be sure, certain rules of compatibility that 
must be observed, such as not mixing too much cyanamide with 
acid phosphate, but these rules are well known to all manufac- 
turers. 

It is not sufficient, however, to know that a given fertilizer 
contains available plant foods to the extent of so many pounds 
per ton; it is also necessary to know how much of the nitrogen is 
in each of the three classes usually known as “nitrate nitrogen,” 
“ammonia nitrogen,” and “organic ammoniate nitrogen.’ Plants 
absorb most of their nitrogen from the soil in the form of nitrate. 
In the soil, however, all other forms of nitrogen are oxidized 
more or less rapidly to nitrate, and for agricultural uses the vari- 
ous forms are therefore more nearly equivalent to each other than 
they would otherwise be. The equivalence, however, is not com- 
plete, for the oxidation to nitrate takes an appreciable time and is 
dependent on bacterial processes. If the soil is dry the bacterial 
oxidation may be greatly retarded and the nitrogen may not be- 
come available rapidly enough. To guard against such possibility 
it would appear desirable, according to present information, that 
a mixed fertilizer contain at least a certain minimum percentage of 
its nitrogen in nitrate form. If this ultimately proves to be neces- 
sary the technology of fertilizer manufacturing must take that 
necessity into account. 
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Fertilizers that are to be drilled must reach the farm in drillable 
condition, and whether they are to be drilled or not, the farmer 
doesn’t want a fertilizer that sets into a hard cake or that becomes 
mushy on the first damp day. At present the American fertilizer 
manufacturer depends largely on the so-called organic ammoniates 
to keep his product in good condition. Fish scrap, cottonseed 
meal, tankage, dried blood, etc., serve his purpose. As more con- 
centrated fertilizers come into general use, and less of the organic 
~ ammoniates are available, the difficulty of making up fertilizers 
that will not cake will no doubt increase. It is here that great 
opportunities are open for improvements in technology. 


INFLUENCE OF THE AIR-NITROGEN INDUSTRY ON FERTILIZER 
TECHNOLOGY 


We have so far considered the technology of the fertilizer 
industry in the narrower sense, as applied to the manufacture of 
acid phosphate and mixed fertilizers, which is the essential fea- 
ture of the American industry. When we turn to the processes 
by which fertilizer salts are made we come into a very broad field 
of technology, much too extensive to be logically included in our 
present discussion. It is, however, permissible to call attention to 
such parts of the technology in this broad field as have to do with 
rendering products particularly suitable for use as fertilizers. We 
are not here concerned with the technology employed by the coke 
oven operator in recovering ammonium sulphate, but we are inter- 
ested in the special technology whereby neutral granular ammo- 
nium sulfate particularly suitable for use as fertilizer is made. 
In this broader field of technology many interesting developments 
are going forward, only a few of which we have time to consider 
here. Most of these new developments are related in some way 
to the air-nitrogen industry and bear particularly on the problem 
of converting the primary products of the nitrogen-fixing pro- 
cesses into suitable fertilizer salts. 

The nitrogen-fixing processes with which the fertilizer industry 
is concerned are the arc, the cyanamide and the direct ammonia. 
The primary product of the are process is dilute nitric acid; that 
of the cyanamide process is crude calcium cyanamide; and that 
of the direct ammonia process is either anhydrous or aqueous 


ammonia. None of these products is suited for direct use as 
fertilizer. 
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CONVERTING Nitric Acip to a F ERTILIZER SALT 


Nitric acid must be converted to a nitrate salt for use as fertil- 
izer. No process for making sodium nitrate has been devised 
which will enable the synthetic salt to compete with natural 
sodium nitrate from Chile. Nitric acid may be combined with 
ammonia to form ammonium nitrate, but aside from the fire and 
explosion hazard involved in handling this salt, it is so hygroscopic 
as to be of little use as a fertilizer. The B. A. S. F. makes a mixed 
ammonium nitrate-ammonium sulphate salt which it markets under 
the name “Leunasalpeter.” This salt is evidently used success- 
fully in Germany, and it is now being introduced into the Ameri- 
can market. 

Much of the nitric acid made by the are process has heretofore 
been converted to calcium nitrate. Unfortunately, this salt is 
also hygroscopic, and for long-distance shipment it is usually 
packed in wooden kegs. Its use as a fertilizer has been to a con- 
siderable extent limited by the difficulty of shipping and handling 
it. There did not appear to be much hope of avoiding this diffi- 
culty, but recently a German technologist has found that by evap- 
orating a calcium nitrate solution in the presence of a little am- 
monium nitrate and finally spherulizing the resulting melt by 
spraying it into the air in molten condition there was obtained a 
salt much less hygroscopic than either calcium nitrate or ammo- 
nium nitrate. This discovery will make it possible to utilize the 
calcium carbonate obtained as a by-product in the gypsum process 
of making ammonium sulphate. At the Leuna works, in Ger- 
many, and the Billingham plant, in England, this calcium car- 
bonate has accumulated to such an extent as to make its disposal 
a serious problem. In fact the B. A. S. F. has been giving the 
material away to get it out of the plant. It now becomes a valu- 
able raw material for the manufacture of the new form of calcium 
nitrate. 


CONVERTING CRUDE CYANAMIDE TO A FERTILIZER 


Crude calcium cyanamide is usually ground and sprayed with 
water to remove some of the unconverted carbide. It is then oiled 
to lessen somewhat its dustiness and is usually marketed without 
further treatment. As a fertilizer this product still leaves much 
to be desired, and a great deal of work has been done on the 
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problem of making a better fertilizer of it, mostly without success. 
It has been proposed to convert cyanamide to urea, and several 
methods of doing this are known, the most promising, perhaps, 
being the Lidholm process, recently demonstrated on a semi- 
commercial scale at the Union Carbide Company’s plant at Ni- 
agara Falls. Technically considered the Lidholm process operated 
very smoothly, but economically considered it does not appear that 
the process is feasible except, possibly, under special circumstances. 


CONVERTING AMMONIA TO A FERTILIZER 


The direct synthetic ammonia method of fixing nitrogen now 
produces more fixed nitrogen than all other synthetic processes 
combined. The primary product of this process is either anhy- 
drous or aqueous ammonia. The several small synthetic ammonia 
plants now operating in the United States market all their output 
in these primary forms, none of it yet going into the fertilizer 
market. 

At the Leuna works, in Germany, and at Billingham, England, 
the ammonia is converted to ammonium sulphate by the gypsum 
process. In Germany a considerable amount of ammonia is oxi- 
dized, and the resulting nitric acid is converted to ammonium 
nitrate, which in turn is mixed with ammonium sulphate to form 
Leuna saltpeter. And recently the nitric acid made from ammonia 
is being converted to calcium nitrate. 

At the Oppau synthetic ammonia plant, in Germany, some of 
the ammonia is being converted to urea by means of carbon diox- 
ide. This process is not in use elsewhere, and it can, of course, be 
employed only where by-product carbon dioxide is available. It 
is one of the processes now under investigation at the Fixed Nitro- 
gen Research Laboratory in Washington. 

The combination of ammonia with phosphoric acid to form 
ammonium phosphate is a simple process, and its commercial 
application awaits only the cheap production of phosphoric acid. 
Small quantities of ammonium phosphate are, indeed, being pro- 
duced for use as fertilizer at one of the American Cyanamide 
Company’s plants, the phosphoric acid being prepared through the 
action of sulfuric acid on phosphate rock by an elaboration of the 
process used in making ordinary acid phosphate. Phosphoric acid 
for use in beverages is being produced in this country by the elec- 
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tric furnace, but cheap phosphoric acid can be made in this way 
only where electric power is cheap. Recently the Liljenroth pro- 
cess for the simultaneous production of hydrogen and phosphoric 
acid by blowing phosphorus vapor with steam over a hot catalyst 
has come to the fore. By crediting the phosphoric acid process 
with the value of the by-product hydrogen and using cheap sea- 
sonal hydroelectric power for the production of the requisite phos- 
phorus the Liljenroth process may successfully be employed under 
American conditions. In Germany, where acid phosphate is not 
so cheap as it is here, the Liljenroth process has recently been put 
in operation, the phosphoric acid being finally converted to di- 
ammonium phosphate for use as fertilizer. Inthe United States we 
have always believed that only the mono-ammonitim phosphate 
was sufficiently non-hygroscopic to be used as fertilizer, but in 
Germany the di-ammonium salt is evidently proving satisfactory. 

If any of the methods of producing phosphoric acid can turn 
out this material at a cost per unit of phosphoric anhydride com- 
parable with the cost of the corresponding unit of acid phosphate, 
it is certain that in time the making of acid phosphate must be 
abandoned. Such a change as this would involve a large part of 
the American fertilizer industry and would necessarily come about 
slowly. We believe, however, that eventually ammonium and 
potassium phosphates will replace acid phosphate as fertilizer. 

The American fertilizer industry has taken little or no part in 
the manufacture of fertilizer ingredients other than acid phosphate 
and the sulfuric acid used in its making. If now the acid phos- 
phate is to be replaced in time by ammonium and potassium phos- 
phates, the American fertilizer industry may come to a position 
where it will manufacture none of the ingredients of fertilizer, 
its technology then being reduced to that of the present dry-mix- 
ing plants. Such a situation as this lies, perhaps, too far in the 
future to justify us in predicting it with any degree of certainty; 
yet in view of the present trends we may regard it as lying 
entirely within the range of probability. 
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WORLD MOVEMENT OF FERTILIZER MATERIALS 
By W. ARTHUR SHELTON 


A brief comparison of the production and consumption of the 
leading fertilizer materials best indicates the international move- 
ment of fertilizers. The comparison is here made in a series of 
seven charts. Those showing production are based principally 
on the calendar year 1924 and those showing consumption on 
1922. 


PHOSPHATE 


PRODUCTIONoF PHOSPHATE ROCK, 1924 
(LEADING COUNTRIES ) 
CHART } 


The production of 
phosphate rock (Chart 
I) is now confined large- 


see} ly to Northern Africa 
yes (under French control), 
raat the United States, and 
RAURU IS. Oceanand Nauru Islands 
MOROCCO (F) (under British control). 
FRANCE The chief producers of 
CHRISTMAS IS. Pte ee superphosphates and con- 
ree esa be Ce rorer sumers of phosphate rock 
EGYPT Ma are the United States, 
meyeryol Vic European countries and 
ae nae Japan (shown on Chart 
mete? (ars 2), and Australia and 


New Zealand. 

Although the United States has larger reserves of phosphate 
rock than any other country, they are mainly in Idaho, Montana, 
Utah, and Wyoming, so far from the leading consuming fields 
that the production there is almost negligible. The production in 
the United States is now made chiefly in Florida and Tennessee ; 
and Florida, by reason of water transportation, has the advantage 
of being near the markets of Europe and the Atlantic States. The 
phenomenal development of production in Morocco during the 
last three years (900,000 tons in 1926), added to the production 
in Tunis and Algeria, indicates that these large reserves of high- 
grade rock, all under French control, at the very doors of Europe, 
will furnish keen competition for American producers of rock in 
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PRODUCTION oF SUPERPHOSPHATES, 1924 


( LEADING COUNTRIES ) 


CHART 2 


the largest field of con- 
sumption. But this coun- 
try is independent of 


ace eae others in having the 
FRANCE greatest known reserves 
ITALY and in its present large 
GERMANY production in Florida 
SPAIN and Tennessee. Although 
JAPAN the United States is the 
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a rather close second 
BELGIUM 4.08 

(Chart 3). 
OENMARK 

PoTasH 

SWEDEN 
os The countries that 

have the largest reserves 
POLAND 


of potash and that 


are now leading in production are Germany and France. They 
also lead in consumption, the United States and the Netherlands 
following (Chart 4). Although the United States produced less 
than 2 per cent of the world’s consumption of potash in 1925, it 
consumed more than 20 per cent. This country is the third largest 
consumer of potash. The American Potash and Chemical Cor- 


poration, operating at 
Searles Lake, California, 
produced 10 per cent of 
the potash we consumed 
in 1925 and is expected 
to produce 25 per cent in 
1927. Indications also 
point toward large re- 
serves of potash in Tex- 
as and other Western 
States. Although this 
country is not yet pro- 
ducing a large percen- 
tage of the potash it 
consumes, the price of 
potash, stated in terms 
expressing the decreased 
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CONSUMPTION°® POTASH SALTS, 1922 


( LEADING COUNTRIES ) 


CHART 4 
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AMMONIATES 
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purchasing power of the 
dollar, is now only two- 
thirds of the pre-war 
price. A large increase 
in production in this 
country is now planned 
for the next few years, 
and the Government in- 
vestigation of the Texas 
potash fields, made under 
Congressional appropria- 
tion, may also increase 
the production in this 
country within a few 
years. 


The United States and Europe are the largest consumers of 


Chilean nitrate (Chart 5). 


Although this country has no re- 


serves of natural nitrates, it is the second largest producer of sul- 
fate of ammonia and is increasing its output of this carrier of 


nitrogen. 


Since 1921 the production of synthetic ammonia has 


been developed rapidly. The United States Fixed Nitrogen Re- 
search Laboratory estimates that by the end of 1926 the production 


of synthetic ammonia 
will attain an annual rate 
of 35,000 tons of pure 
ammonia, which is equiv- 
alent to about 140,000 
tons of sulfate of am- 
monia. The rapid in- 
crease in the production 
of synthetic and by- 
product ammonia has 
caused a decrease in the 
imports of nitrates and 
an increase in the ex- 
ports of sulfate of am- 
monia, so that this coun- 
try will hereafter be less 
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PRODUCTION oF SULPHATE OF AMMONIA, 1922 
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dependent on Chile for 
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SUMMARY 


This country is therefore independent of foreign reserves of 
phosphate and is becoming less and less dependent upon outside 


sources for its nitrogen. By 1927 the 
United States will probably amount 


production of potash in the 
to 25 per cent of its con- 


sumption. As the prices of both potash and nitrates are now as 
low as they have been for many years, and as this country is 
greatly increasing its production of ammonia and potash, the con- 
trol of fertilizer materials by foreign monopolies is less disturbing 
than it was a few years ago. The present low prices of potash and 


ammoniates and the keen 
competition in the mar- 
ket for phosphate, com- 
bined with the adoption 
of new processes that 
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ROUND TABLE CONFERENCES 


INTRODUCTORY REMARKS ON POTASH 


By Cuartes H. MacDowELi 


These conferences have been called primarily to discuss fertil- 
izer raw materials, particularly in their relation to world mineral 
resources. Naturally, many issues are involved by implication. 
Nitrogen, a prime ingredient of-fertilizer, is an essential constituent 
of explosives. Potash is today a Franco-German world monopoly. 
The feeding of populations and their physical and economic health 
are involved. The free flow of essential raw materials is con- 
fronted by nationalistic exploitation. Should competition for 
world markets be free or restricted? We shall discuss examples 
of both situations. 

At today’s round-table the discussion will be limited to potash. 
Potassium compounds, as plant food, aid in the growth of root, 
stem and seed and contribute to healthy, solid fruiting. 

Until well on in the last century wood ashes, which contain 
potash, were used, sporadically, for application to the soil. The 
great importance of potash as a fertilizer, however, was not fully 
developed until the German owners of the Stassfurt salt deposits 
cast around to find a great commercial outlet for their by-product 
potash salts. By means of effective propaganda they impressed 
upon the world the tremendous value of K ,O as a fertilizer and 
thus built up a very great and highly exploited potash industry. 

Many abuses developed as a consequence of the world monopoly 
of the Germans, and in the period from 1909 to 1913, when the 
United States attempted to break this monopoly, even diplomatic 
relations became severely strained. Potash had become an inter- 
national political problem. 

Then came the war, and with it came practically nonimportation 
of potash. The result was a notable potash famine for certain of 
our crops. Attempts to develop an American potash industry 
thrived during the war. After 1920, in the face of German and 
French importations, most of these attempts failed because of the 
high cost of processing and the high freight rates to market. 
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Alsace, with its potash reserves, had become a part of France, 
and the French government rapidly developed the Alsatian de- 
posits. However, incipient competition between the French and 
Germans for world markets was nipped in the bud by an agree- 
ment between them for a division of the business. What has been 
the effect upon the American market? Despite the practical world 
monopoly, prices have remained about on the pre-war level. 
Probably several causes contributed to this effect. Germany must 
export heavily in order to meet its international obligations. There 
is ever present the threat of successful American competition, the 
possibility of which was demonstrated during the war. In fact, 
the one outstanding development of that period, which is today a 
successful producer of potash—the Searles Lake operation—will 
probably ship next year at least one-quarter of our domestic pot- 
ash requirements. By-product potash from the manufacture of 
industrial alcohol is on the market. Prospecting goes merrily on. 
It is possible that there are vast deposits in Texas and Utah which 
might serve certain districts of the consuming area. The govern- 
ment is investigating these prospects. 

Many questions of policy and economics are involved in the 
situation. The free flow of raw material is opposed by national- 
istic fears of world monopoly and by the demand for self-preser- 
vation in time of war. Shall we develop a domestic industry even 
if it means a higher cost to the farmer? Shall we afford govern- 
ment aid by subsidy or tariff? What will be the future policy of 
Germany and France? Will prices increase or decrease? How 
much will potash consumption increase? 

In order to start the discussion of our topic, Mr. Concannon, 
of the Bureau of Domestic and Foreign Commerce, Department of 
Commerce, will consider in detail “Potash in World Trade.” 
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POTASH IN WORLD TRADE 
By C. C. ConcANNON 


Potash is an essential. I make that statement not as a postulate 
to be assumed as self-evident but as a fact already well known. 
Our understanding and our experience teaches us that we must 
have potash. It is necessary as an ingredient of our fertilizers— 
as a plant food—and certainly one of our great problems, a prob- 
lem of increasing gravity, is that of maintaining our agricultural 
fertility in order that we may produce adequate supplies of food 
for our people. This is no new thought, and its importance is 
generally recognized, but, though potash is of widespread occur- 
rence throughout the world in one form or another, its place in 
world trade is decidedly restricted. 


GERMANY OpTAINS CONTROL OF THE PoTASH MARKET 


When one thinks of potash one thinks of Germany. This asso- 
ciation is general and inseparable for causes that are natural and 
for reasons that have been fostered by the Germans. The first 
and the largest deposits of soluble potash salts were found in 
Germany, and it was through German research and through Ger- 
man application of a highly developed knowledge of chemistry 
that the value of these deposits for agricultural fertilization was 
recognized and appreciated. The Germans knew that they had a 
most valuable resource in their potash, not only because of the 
advantage they derived from the extensive use of it in their own 
intensive farming, but because of the pressing need for it by other 
countries throughout the world. Appreciating the economic value 
of this resource in international trade, they fostered the develop- 
‘ment of the potash industry to the fullest extent and organized 
propaganda to point out and maintain the essential need of Ger- 
man potash throughout the world. Thus every one was made to 
believe that potash was an essential commodity of only German 
origin, and as such it held a prominent place in world trade prior 
to 1914. 

Post-war developments have changed this condition and have 
given us a wider view of the facts. We still realize that potash 
is an essential, but we know that we need not necessarily depend 
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upon Germany alone for it, because similar resources exist else- 
where and attempts are being made to utilize these resources. Ef- 
forts to develop the potash deposits of Spain and Poland are 
worthy of special mention. 


DEVELOPMENT OF Deposits IN SPAIN 


More than thirty-five years ago the attention of the Spanish 
Government was directed to the importance of exploring for de- 
posits of potash salts which were believed to exist in Spain, and 
twenty years later valuable beds of potash were found near the 
town of Suria, in northeastern Spain. These potash beds are both 
extensive and rich, and their further development may ultimately 
have an important effect on the international potash market. Un- 
fortunately the exploitation of potash in Spain has not yet been 
very successful, and real progress in the work on them has been 
made only during the last few years. The predestined fate of 
most potash developments seems to be State intervention: the 
exploitation of the Spanish deposits was made subject to State 
control in 1914. In 1918 the Spanish Government devised a 
scheme for working these deposits which had much in common 
with that employed in Germany. The concessions for the mining 
and sale of the salts were subject to Government control; the 
prices for the domestic market and for export were to be fixed 
annually, and the maximum and minimum output were to be pre- 
scribed for each mine. Probably the most progressive concession- 
aire in Spain is the potash mines of Suria, a combination of Span- 
ish and Belgian interests that is entirely independent of Franco- 
German influence. This organization appears to be making real 
progress and may soon make its presence felt in international 
trade. In 1925 a trial shipment of 250 tons of muriate of potash 
was made by that company to this country, but that shipment was 
purely an experiment, for the company is not yet able to export on 
a commercial scale. The restrictions imposed by the Spanish Gov- 
ernment appear to have inhibited the development of the field, and 
the price-fixing feature has deterred foreign capitalists from in- 
vesting money in Spanish potash mines. 

Prospects of ample production to meet Spanish needs are now 
especially promising ; the producers of Spanish potash predict that 
in 1927 they will be able to compete with Germany and Alsace in 
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the world’s markets. If this prediction is verified, another possi- 
ble source of potash will be available ; and the more numerous and 
prolific the sources, the less danger of monopoly of this essential 


product. 
PoLAND’s RESOURCES OF POTASH 


Any thorough study of the international situation in potash 
should include a consideration of the recent developments in Po- 
land, not because of the magnitude of its resources but because of 
the remarkable progress in their development during the last year 
or two. Before the war it was known that the potash formation 
of Germany extended from that country into Silesia and into 
Poland. In fact, potash mining in Poland dates back to 1862. For 
the following fifty years the industry was under government own- 
ership and control and made no great progress. The present 
Polish potash industry, however, is a post-war development; in 
fact, it is only since Poland has been made independent that her 
potash industry has been actively promoted, for the Austrian 
policy, which was influenced by the German Potash Syndicate, 
never encouraged the full development of the mines in Galicia. 
The production of these mines was consequently small until Po- 
land achieved independence and freed. the mines from a control 
that prevented them from competing with those of Germany. Prior 
to the World War the total annual Polish consumption of potash 
salts, supplied through importation, was about 400,000 metric 
tons. The consumption there greatly decreased, owing to unset- 
tled internal conditions, but the pre-war demand for potash is now 
again being approximated, and Poland’s intensive agricultural pro- 
gram will demand increased supplies. About 65,000 tons of salts 
was produced in 1924 and 150,000 tons in 1925, and production is 
being rapidly accelerated, as is shown by the fact that about 60,000 
tons was mined in the first quarter of 1926. The Polish Govern- 
ment desires to develop more intensively the country’s potash de- 
posits, with a view to supplying the needs of the domestic market 
and to adding an item to the export trade. Poland will therefore 
probably become a factor in world trade in potash. 


PotasH Deposits In OTHER COUNTRIES 


Resources of potash, either in its native state as soluble salts or 
in combination, or as a waste or by-product, are available in other 
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countries, and efforts to develop them have been made for many 
years. Deposits of workable potash have been reported in Russia 
from time to time, but little information as to their extent or value 
is at hand. The potash salts of the Ural district are known only 
from samples taken at random; further geological and chemical 
investigation and careful drilling are needed to show the true value 
of these deposits. The vegetable kingdom, however, provides a 
source of potash of high grade, known as Caucasian potash, de- 
rived from the incineration of sunflower stalks. The production 
of potash from this source is increasing owing to the increase in 
the demand for sunflower seed oil, and though the total output of 
potash from this source is not now definitely known, it probably 
amounts to between 10,000 and 20,000 tons of pure potash a year. 
Most of it is consumed locally, but a part of it is exported. 

The Dutch government recently decided to work certain potash 
desposits that lie close to the German frontier. An official of the 
German potash producers has founded, in association with Dutch 
financiers, a potash syndicate at Amsterdam to obtain, prepare and 
sell potash and other fertilizers and mineral products. The gen- 
erally accepted opinion is that this syndicate will be a holding com- 
pany for the German potash syndicate’s foreign interests. The 
consumption of potash in Holland is greater than in any other 
country in proportion to its cultivable acreage. 

England, like the United States, has been dependent mainly 
upon Germany for its potash. Attempts have been made there to 
extract potash from cement-kiln dust and from blast furnace flue 
dust, but apparently without success. 

In Scotland, Ireland and Japan some potash is extracted from 
the ashes of marine plants, but wherever this industry has been 
able to survive in competition with Franco-German potash most of 
the domestic product is consumed locally and does not enter into 
world trade. 

Extensive deposits of high-grade potash salts were discovered 
in Abyssinia about fifteen years ago, and though these deposits 
were exploited during the World War, the lack of transportation 
and other facilities makes them practically unworkable at present. 

Potash deposits have been found in Peru, Canada, Chile, Brazil, 
Mexico, Norway and Sweden, and some of them are being worked 
in a desultory fashion, or efforts are being made to produce potash 
as a by-product. 
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PorasH In Many Forms A WortD RESOURCE 


Much has been said about the possibility of extracting potash 
from the water of the Dead Sea. The winning and marketing of 
the mineral content of this water are being seriously studied, but 
the difficulties involved have not been overcome, and potash from 
this source is not yet commercially obtainable. 

The effort made in Italy to extract the potash contained in 
leucite for use as fertilizer has been to some extent successful, but 
the quantity of potash so obtained appears to be of minor conse- 
quence in Italy’s home market and gives no prospective indication 
of entering into international trade. This effort, however, should 
be viewed in America with interest because of the possible devel- 
opment of the somewhat similar lavas of the Leucite Hills of 
Wyoming, which may be regarded as a potential source of com- 
pounds of potash and alumina. 

It appears, then, that potash is found in one form or another 
throughout the world; that every country realizes the absolute 
necessity of having adequate supplies within its own territory; 
that many countries have made efforts to exploit potash deposits 
with more or less success; and that, except in Spain and Poland, 
where success can be measured only in terms of future possibili- 
ties, there is little or no potash in world trade but that of Franco- 
German origin. This fact is of supreme consequence to us in this 
country, because the United States, though not the largest con- 
sumer of potash, for Germany uses more than we do, is the biggest 
customer in world trade in this commodity. 


EXPLOITATION OF POTASH IN THE UNITED STATES 


For several years prior to the outbreak of the World War this 
country’s annual consumption of crude potash salts averaged 
about 1,000,000 tons, a quantity representing about 270,000 tons 
of actual potash (K,O). More than 99 per cent of this potash 
originated in Germany. Consequently, during the war, when the 
supply of German potash was cut off, the United States was driven 
to extremities to produce enough potash to supply at least its 
minimum requirements. Soon after the German-American con- 
troversy of 1910, when American buyers made contracts with indi- 
vidual German producers—contracts that were subsequently ren- 
dered null and void through the actions of the German Govern- 
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ment—we determined to seek domestic sources of potash. Inves- 
tigations made for this purpose by the Geological Survey and 
the Bureau of Soils were of great value, although we were then 
only in the embryonic stage of what may prove to be a great pot- 
ash industry. Practically all the sources disclosed by the investi- 
gators—sources not before exploited—were utilized. As a result 
of this research potash was extracted from saline lakes in the 
Middle West, from the kelp of the ocean off the Pacific Coast, 
and from potash-bearing rocks. Potash was also produced as a 
by-product in the manufacture of cement, steel, alcohol, and beet 
sugar but, unhappily, at a cost much greater than that of Euro- 
pean potash. 

Our domestic potash industry has suffered so many vicissitudes 
that we now have only one producer, whose contribution amounts 
to about Io per cent of our requirements. The United States is 
therefore in the position of a buyer in the world trade and is 
practically dependent upon Franco-German sources for its 
supplies. 


FEATURES OF THE DEVELOPMENT OF THE GERMAN DEPOSITS 


The development of the German deposits is a story that will not 
be told here in detail. The facts have been adequately and accu- 
rately brought out in the Department of Commerce Bulletin en- 
titled, “Potash: Significance of Foreign Control and Economic Need 
of Domestic Development,” by H. M. Hoar, which appeared early 
in this year and has since been widely distributed to those who are 
interested in potash. A brief review of this development and an 
understanding of the value placed upon potash by the Germans 
may be given in a few words. For about fifty years prior to the 
European war the bulk of the potash utilized throughout the 
world originated in the Stassfurt mines, in the province of Sax- 
ony, Germany. This monopoly of the world’s trade in potash was 
achieved through the accessibility and magnitude of these deposits, 
which were then regarded as the only known large bodies of solu- 
ble potash, in comparison with which all other world sources were 
insignificant. Up to the middle of the last century wood ash con- 
stituted the main sources of potash, but with the progressive 
destruction of the forests this source became greatly reduced. 
Hence the Stassfurt potash deposit was hailed as a valuable treas- 
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ure-trove, whose exploitation and scientific development event- 
ually led to the world-wide use of potash as an essential ingredient 
in fertilizers. 

The development of the German industry has been dominated 
by the thought of regulation and control, which may not have 
been without benefit in organizing the industry and placing it upon 
a secure foundation during the years of its extensive and rapid 
growth. 

Overproduction has been a persistent source of trouble, and 
attempts at combination, with all manner of agreements among 
producers, in which the State was involved in one way or another, 
have continued from the early days up to the present time. The 
features of State control included the obligation of all producers 
to join the Syndicate, the allocation of quotas of production and 
sale, and the fixing of domestic and foreign prices. Control of 
this kind has its significance, particularly in world trade, and it is 
of especial consequence to us because our country is the largest 
customer. 


A FRANCO-GERMAN COMBINATION 


The deposits in Alsace, which are similar to those in Germany, 
were known long ago, and though they were worked to some 
extent before the World War their output was restricted to 5 per 
cent of the combined German-Alsatian output, and the identity of 
this 5 per cent, in both domestic and export trade, was merged 
in the total of all transactions. After Alsace-Lorraine was ceded 
to France the French interests made a determined and apparently 
successful effort to develop the Alsatian deposits and to become a 
real factor in world trade. As the new owners of the Alsatian 
works were not hampered by laws restricting their output or in- 
terfering with their sales they went ahead, worked their mines to 
the limit of their capacity, and fixed their prices according te 
economic requirements. This competition between French and 
German producers undoubtedly had a salutary effect in bringing 
down the price of potash in international trade from the exorbitant 
war-time level. But this healthy commercial rivalry did not con- 
tinue very long, and, though previous overtures had been made, it 
was not until August, 1924, that an agreement was entered into 
between the French and Germans which finally put an end to com- 
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petition in their largest market—the United States. In substance 
this agreement fixed the proportion of sales allowed to each of the 
two nations in the American market and the price to be charged. 
France was allotted 3714 per cent and Germany 62% per cent of 
the American sales, these figures being based on the percentages of 
the deliveries in 1923. 

This agreement is probably unique in the history of interna- 
tional industrial relations, first, because it involves a practical 
monopoly of an essential raw material; second, because it applies 
to sales in the United States only; and third, because one of its 
signatories is a State and the other a representative of an industry 
that is under the complete control of the German Government. 
The Alsatian mines, except those of a single group, owned by the 
Franco-Alsatian Company, Kali Sainte Therese, are the property 
and are under the administration of the French Government, 
which took them over from their German owners under the terms 
of the peace treaty, in lieu of a payment of 100,000,000 francs. 


Mownopotistic AGREEMENT MADE IN 1925 


A new agreement, the one now in effect, was entered into on 
May 7, 1925, by representatives of the German Potash Syndicate, 
the administrators of the Alsatian state mines, and the administra- 
tors of the leading private mines. This agreement goes far be- 
yond that of the original compact in that it regulates the share 
that each of these two great potash producers will furnish to the 
world’s markets, the ratio of international sales being in the pro- 
portion of 70 per cent for Germany and 30 per cent for France. 
Thus the situation has reverted to its pre-war status, for we now 
have France and Germany acting as a monopolistic unit. 

The significance of these inhibitions and restrictions to free 
trade in potash through government control and international 
agreement lies in the fact that the German-Alsatian mines produce 
about 95 per cent of the world’s marketed potash, which amounts 
to about one and a quarter million tons of pure potash a year. 
From 40 to 50 per cent of this product is exported, and the United 
States purchases about 60 per cent of the exports—about 275,000 
tons of pure potash, valued roughly at $12,000,000 annually. 

Another significant point in this connection is the fact that, 
though the United States is by far the largest single customer for 
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potash in the world’s trade, our agricultural consumption of this 
essential plant food is remarkably low in comparison with that of 
the other agricultural countries of the world. It is therefore highly 
probable that with the development of more intensive cultivation 
in this country, and with the growth in the consumption of fer- 
tilizer, our total consumption of potash will increase. 

Though the monopolistic control of the world’s potash market 
by the Franco-German potash combine is well defined, the attri- 
butes of that monopoly—price fixing, control of output, etc.—do 
not at a glance have the appearance that we naturally associate 
with trusts. There is no dearth of potash in the world. The 
ambition of the Franco-German combination is to deliver two tons 
of potash where only one is delivered now. There is therefore 
no hampering of world trade in respect to supplies of potash of 
Franco-German origin. The effect of the monopoly on price is 
somewhat different. The index figure for all potash salts landed 
at Atlantic seaports is approximately 100. Potash obtained from 
Franco-German sources is therefore neither more expensive nor 
less expensive than it was in 1913 to 1914; yet the general price 
index of all commodities is considerably higher. As an offset to 
this we may consider the frequently expressed opinion that if this 
control were removed and if there were an open market for the 
sale of French and German potash by producers who are equipped 
to operate efticiently and who could readily take care of the de- 
mand of the American market, the present price of potash would 
be materially reduced. In this connection it is interesting to note 
that the recently announced advances in the price of potash were 
apparently so insignificant as to attract no attention, but in the 
aggregate over a year’s period of time this added increment means 
a national potash bill increased by a half a million to a million 
dollars. That other advances are contemplated is clearly forecast 
by rumors current in the German press; in fact, it is reported that 
a probable increase of 10 per cent in the price has been recently 
considered in certain circles of the potash industry. 


PotasH AND NITRATE SuBJECT TO INTERNATIONAL 
RESTRICTION 


The fertilizer industry is peculiarly beset by the control of 
essential raw materials through the foreign monopoly of nitrate 
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as well as potash. Phosphate, one of the three essential ingredi- 
ents of fertilizers, is subject to the fundamental economic laws of 
an open market regulated by demand and supply, but nitrate and 
potash, the two other essentials, are subject to strict restriction in 
international commerce. This restriction controls the agricultural 
progress of our country and affects the welfare of all of us.as indi- 
viduals and as a nation. 

The future alone can decide what part the United States will 
play in world trade in potash. We are now thoroughly awake to 
the gravity of the situation and to the absolute necessity of devel- 
oping as far as possible a domestic output of this essential raw 
material. Congress has recently taken steps to determine the 
extent and character of deposits of potash in Texas and adjacent 
territory, which are similar to the French and German beds. No 
prediction as to their size and value can be made, but as we now 
realize the situation facing us it is not too much to expect that 
American ingenuity and resourcefulness will find an answer to this 
problem and that, from occupying the position of being dependent 
upon foreign suppliers for this essential raw material, we will in 
some way be able to supply at least our own needs from resources 
within our own territory. Indeed, it is not too much to hope that 
the United States may become a large producer of potash and a 
dominant factor in the world’s trade in that commodity. 
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THE GERMAN POTASH INDUSTRY 
By E. K. Howe 


ORIGIN AND UTILIZATION OF THE GERMAN SALT AND 
PotasH Deposits 


For many centuries the town of Stassfurt, near the Harz Moun- 
tains, in northern Germany, has been famed for its salt works. 
About 1857 the Prussian Government, which owned the mines, 
found immense beds of rock salt at a depth of 1080 feet. Above 
these beds were found deposits of potash and magnesia minerals. 
These deposits were formed in ancient geologic times. The 
minerals were laid down by the evaporation of sea water confined 
in lakes like the Dead Sea and Great Salt Lake, lakes that were 
without outlets but that were connected with the ocean by chan- 
nels, which were ordinarily dry but through which sea water was 
forced at times by storms. Constant evaporation of the water and 
constant renewals of the salts by the incursions of sea water 
eventually produced a highly concentrated solution, in which the 
several salts separated into more or less definite strata, according 
to their solubility. 

The agricultural value of potash became generally known about 
1860 through research made by Justus von Liebig, and in 1861 the 
first works for refining potash minerals were established at Stass- 
furt. Stimulated by the success attained in the use of potash as 
a fertilizer, the industry has grown to enormous proportions, until 
today there are more than 200 German potash mines, of which 
forty-three are in operation and twenty-two are held in immediate 
reserve, being considered potential mines. 


THE FUNCTION oF PoTtasH IN AGRICULTURE 


In almost every type of farming a considerable loss of potash 
takes place yearly through crops and animal products sold and 
through leaching. Unless this loss is restored by the use of 
manures and fertilizers the reserve supply of natural potash in the 
soil may be so seriously diminished as to cause poor yields, crops 
of inferior quality, and low profits. The three most essential 
ingredients of plant food are nitrogen, phosphoric acid and potash. 
These seldom exist in soils in quantity adequate for profitable crop 
growth and must be supplied. 
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Aside from its favorable influence on the formation of carbo: 
hydrate and the transference of starch, potash has a marked 
influence on the growth of root and stem ; it also improves the 
quality of vegetable, root and fruit crops, both for eating and 
for keeping. Applied to tobacco, it produces leaves that show a 
better quality for burning. 


ForMs oF PoTasH 


» The most valuable of the potash salts used in agriculture may 
be divided into two groups, as follows: 

Group 1. Containing chlorides: Muriate of potash, manure 
salt, kainit. 

Group 2. Nearly free from chlorides: Sulfate of potash, sul- 
fate of potash magnesia. 

The salts in the first group can be used with safety for most 
crops, but those in the second group should be used preferably for 
tobacco, for citrus fruits, or for crops in which special quality is - 
essential and in which the value of the crop will justify the use of 
these higher priced forms of potash. 


SOME COMPARISONS OF Crop YIELDS WITH AND 
WitTHoUuT PoTasH 


Commercial fertilizers can be used profitably in the production 
of many of the principal crops, particularly cotton, tobacco, 
potatoes and sugar. The figures given below, which are the 
results of work done at agricultural experiment stations in the 
United States, show the value of potash in fertilizing these crops. 


YIELD OF SEED COTTON PER ACRE ON LAND FERTILIZED WITHOUT 
AND WITH PoTasH? 


Pounds 

PH oriimeed. Withoih potash 22! ooo i 607 
Treated with complete fertilizer containing potash_____ 1080 
Increase of yield through use of potash_____________ 475 


The above is the result of an experiment made in the eastern 
part of the cotton belt. An appreciation of the necessity of using 
potash on cotton is, however, extending westward toward the 


1 Jour. American Society of Agronomy, vol. 17, p. 556. 
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Mississippi Valley. E. B. Ferris, Assistant Director, South Mis- 
sissippi Experiment Station, Poplarville, Miss., in a press circular 
published in March, 1926, says that, as compared with other States 
to the East, Mississippi has been a very small user of potassium 
fertilizers under cotton, but that, although nitrogen and phosphoric 
acid are valuable fertilizers, experiments with cotton in Missis- 
sippi show that potash is now necessary, especially on lands where 
cotton has a tendency to rust. He adds: 


One would only have to look at experimental plots used here for several 
years past, fertilized with and without potash, to be convinced that under 
certain conditions potash is seriously deficient in our soils. 

Thus a perception of the necessity for using potash in fertilizer 
on cotton is spreading from the Atlantic seaboard to the Missis- 
sippi Valley. 

Many experimental records show the value of using potash salts 
on tobacco. In fact, tobacco of the best quality cannot be produced 
without potash. The results of two typical experiments are given 
below: 


YIELD OF TOBACCO PER ACRE ON LAND IN MARYLAND FERTILIZED 
WITHOUT AND WITH POTASH? 


Pounds 

C00 poundszok (6-8-0) (m on potas i) eee 837 
600*pounds' Of 6-04-02) San ee eee eee eee 1067 
Increase‘due to use of potashse a= eae ee ee 230 


This increase was obtained by the application of only 24 pounds 
of actual potash per acre. 


YIELD OF CIGAR FILLER TOBACCO PER ACRE ON LAND IN OHIO 
VARIOUSLY TREATED ° 


Pounds 
Unfertilized land 22.0223. ee ee ee 528 
Land fertilized without potash (average for 9 years)___ 824 
Land treated with complete fertilizer containing potash 
(average; for 9) years’) = eee eee eee 1069 
Imereasexdte to Use On potas eee 245 


2 Maryland Agr. Exp. Station Bulletin 247, p. 139. 


§ The Maintenance of Soil Fertility: Ohio Agr. Exp. Station Bulletin 381 (published June, 
1924), p. 343, 
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The use of potash is highly profitable in the production of pota- 
toes. Experiments made in Eastern States, from Florida to 
Maine, show that from 80 to 125 pounds of actual potash are 
required for their most profitable production. 


EFFECT OF USE ON PoTAsH IN RHODE ISLAND * 


Bushels 

Rertilized without potash. ot 167 
Pernlizedswathe putas. ee ee 233 
Increase due:io use of potashi.. 66 


Fertilizers are used also to maintain the productivity of soils 
devoted to growing grain and clover hay. Some long-continued 
experiments show that under certain systems of land management 
and on certain types of soil potash plays an important part in the 
rotation of crops. 

In Pennsylvania the average annual yield per acre of each crop, 
as shown by experiments covering a period of forty years, has 
been as follows: ® 


Fertilizer used | Corn | Oats | Wheat | Hay 

Bu. | Bu. Bu, Lbs, 
Withoutepotashe == =ae = se) 43.6 37.1 15.9 2,899 
Wathepotasht====seeeee tes 52.1 42.3 ie 3,990 
Increase by potash_____________ 8.5 5.2 3.2 1,091 


In Illinois, at the Cutler field, the average annual yield per acre 
for each crop in a rotation covering a period of fifteen years has 
been as follows: ° 


Fertilizer used Corn Oats | Wheat Clover 4 
Bu. Bu. Bu. Tons 
VTA OG ep See 23.7 24.6 25.1 IL 
Wilt be potash sae em eet 44.0 PAS AM 31.2 1.69 
Iinereasee Dy mpOtad n= eee 20.3 4.5 6.1 52 


4 Rhode Island 37th Annual Report, p. 6. 
5 Pennsylvania Bulletin 175, p. 9. 
6 Illinois Bulletin 219, p. 416. 
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These typical examples may illustrate the part played by potash 
in improving methods of farming. Potash is as necessary for the 
nutrition of the plant as phosphoric acid and nitrogen, and, like 
these, it is only in exceptional areas that it is available in natural 
soil in quantities sufficient to make unnecessary its addition in the 
form of fertilizer. 

A knowledge of the necessity of fertilizing with potash is being 
brought to the American farmer, chiefly by the work of the U. S. 
Department of Agriculture, the Agricultural Experiment stations 
and the agencies affiliated with the American Government and 
with the German Potash Syndicate. The consumption of potash 
in the United States will undoubtedly increase largely when this 
work of investigation and education shall have borne full fruit. 


THE GERMAN PoTASH SYNDICATE 


The German Government early recognized potash as a com- 
modity of vital necessity to the farmer and of great importance in 
feeding a rapidly increasing population. In order to prevent the 
exploitation of the country’s potash resources solely in the interest 
of the mine owners a measure of public supervision was deemed 
necessary. With this supervision in mind an agreement between 
the mine owners and the State was made in 1884. The organiza- 
tion growing out of this agreement is known as the German 
Potash Syndicate, whose duty it is to supervise the production 
and marketing of potash. With the enactment of the German 
potash law, on May 25, 1910, which went into effect three days 
later, the general trade policies consistently pursued by the Ger- 
man Potash Syndicate became compulsory. 

The creation of this syndicate was an experiment in economic 
policy, made to prevent, for the benefit of the public, the evils 
of unchecked private exploitation of a natural resource. The 
experiment has successfully protected the public welfare. The 
creation of the German Potash Syndicate has absolutely prevented 


any possible “cornering” of the potash market to the detriment of 
the farmer. 


RELATION BETWEEN THE SYNDICATE AND THE 
NATIONAL GOVERNMENT 


‘The potash laws of 1910 and 1919 place the supervision of the 
potash industries in the hands of what is called the “Potash 
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Council,” a representative body in which delegates of the farming 
interests, of the industries using potash, of the workmen of the 
mines, and of the employees of the industries and the agricultural 
institutes participate with representatives of the mine owners and 
the Potash Syndicate. 

The potash laws were designed to prevent the potash industry 
from exploiting the public and to combine the mines in a common 
educational campaign to increase the use of potash as a fertilizer 
and to make potash freely available through a common system of 
marketing. 

The nationalization of production and distribution necessitated 
the promotion of the economical exploitation of the potash mines 
to the highest possible efficiency. In order to accomplish this end 
the mining of potash was confined to mines that could be worked 
economically and the working of other mines was discontinued. 

It has never been the policy of the syndicate to restrict produc- 
tion in order to raise prices. Production has always been main- 
tained to the fullest measure required for supplying the needs of 
agriculture and industry. 

The German potash deposits can not be considered a monopoly, 
not even if one takes them in connection with the Alsatian 
deposits, which are geologically of similar origin and character. 
Deposits of potash occur throughout the world and are being 
exploited in many countries — in Spain, Poland, France, the 
United States and elsewhere. The German potash deposits, how- 
ever, are the largest so far known and exploited, and they have 
been developed in a manner that gives them a strong position in 
the world market. German potash salts have always been sold at 
the lowest price consistent with the cost of production and market- 
ing. At no time has there been any attempt to manipulate the 
market to the detriment of either consumers or other producers. 


A CAMPAIGN OF EDUCATION 


The publicity campaign that has been carried on by the syndi- 
cate since its foundation is educational in the highest sense of the 
word. To educate millions of farmers all over the world, who 
knew nothing about potash or other artificial fertilizer, was a 
gigantic undertaking. The syndicate has consistently endeavored 
to give to the farmers nothing but scientifically established facts 
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and has advocated the use of potash only in places and in quanti- 
ties that will be profitable. This educational work of the syndicate 
has promoted not only an increase of yields but the intensive cul- 
tivation of thousands of square miles of swampy and sandy soils, 
areas which before the advent of potash were considered waste 
lands. 

The value of potash fertilizer used in combination with nitrogen 
-and phosphoric acid to increase agricultural yields forms the 
subject of numerous scientific publications other than those of the 
syndicate, among the most valuable of which are those of the 
State Agricultural Experiment Stations and the United States 
Department of Agriculture. Without the aid of these agencies 
potash could never have gained its rightful place in agriculture. 


Prices OF PoTASH BEFORE AND AFTER THE WAR 


Of the three essential ingredients of plant food—nitrogen, 
phosphoric acid and potash—potash is the only one for which the 
American farmer need not pay more today than he paid before the 
war. The following table shows the average current American 
prices per 100 pounds for five selected potashes, ammoniates and 
phosphates and the prices on January I, 1914: 


CURRENT AND PRE-WAR PRICES OF FERTILIZER MATERIALS 


Price 
Material Current price Jan. 1, 1914 
IP OLAS TGS eet pers eee ee $1.31 $1.35 
EAIMIOODIATCS eee ane eee eee ee 2.61 2.14 
Phosphates eas. == ae eee ee 65 57 
The five selections under each heading are: 

Potashes Ammoniates Phosphates 
Kainit, bulk Sulfate of ammonia Acid phosphate, 16 per 
Manure, salts, bulk Blood, dried; New York cent 

(20 per cent) Fish scrap, dried, at Bones, rough, hard; 
Muriate, bulk works Chicago 
Sulfate, bulk Soda nitrate, spot Bones, ground steamed; 
Sulfate of potash Tankage, ground; New Chicago 

magnesia, in bags York Rock, Florida, 68 per 


cent, at works 
Rock, Tennessee, 75 per 
cent, at works. 
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PRIcEs OF Crops BEFORE AND AFTER THE WAR 


For the purpose of comparing prices in a normal year after the 
war with pre-war prices the following table has been prepared. It 
is significant that the wholesale prices (in the United States) of 
those farm crops in whose production potash salts are used as a 
fertilizer have all considerably increased during the same period. 


WHOLESALE PRICES (C.LF.) OF AGRICULTURAL PRODUCTS IN 
THE UNITED STATES IN 1913 AND 1924 


Increase from 

1913 1924 1913 to 1924 
Pounds Cents Cents Per Cent 
Wheat, red winter_____.____ 60 104.02 142.55 37.0 
River NOy ote ee ree 56 66.00 100.62 52.5 
are yarns leet ee ag Pe 48 63.96 94.33 47.5 
IskeygS, ib lenin ts 5 af 26.63 46.75 73.6 
ORES. Iho, Spindel a By 44.33 59.56 34.4 
CormieNovzvellow= 56 70.63 116.30 | 64.7 
IDOLALOe Steak aie eA ees 220.5 221.00 368.00 66.5 
Mobaccos burl med.2se == 1 1320) 22.04 67.0 
Cotton, middl,, up. 2 1 12.83 28.75 | WEIL 
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THE ALSATIAN POTASH-DEPOSITS AND 
PRODUCTION 


By J. N. HARPER 


I want to thank Mr. MacDowell for the privilege of speaking on 
French potash production. I also want to present the regrets of 
Mr. Réné Gide, whose place I take on the program. Mr. Gide is 
now in France and is unable to attend the convention. 


THe FRENCH DEPOSITS 


The French potash deposits were discovered in 1904, but their 
exploitation was not begun until 1910. Preliminary borings indi- 
cated that the deposits covered about eighty square miles, and 
scientific calculations estimated their content at 300,000,000 tons 
of KO, an amount sufficient at the present rate of consumption 
to provide the entire world with potash salts for 300 years. 

The deposits, which range in depth below the surface from 
1,500 to 3,500 feet, are composed of two layers. The upper layer 
is about six feet thick and analyzes from 20 to 25 per cent of K,O. 
The lower layer ranges in thickness from six feet to fifteen feet 
and analyzes from fifteen to twenty per cent K,O. 

Borings recently made outside this area of eighty square miles 
show that the deposits are much more extensive than had been 


supposed, so that the potential French potash deposits appear to 
be almost unlimited. 


CAUSES OF INCREASE IN OUTPUT OF THE FRENCH MINES 


The French mines have increased their output from 58,000 tons 
of K,O in 1913 to 330,000 tons in 1925. The following factors 
have helped to effect this tremendous increase: 

1. The geographical situation of the mines permits the easy 
shipment of potash by the Rhine River. The potash is carried by 
barges to Antwerp, where it is loaded on ocean-going steamships. 
In a few years its shipment will be further facilitated by the con- 
struction of a canal from the Rhine through the mining district. 
When this canal is completed barges having a capacity of 2,000 
tons will be loaded directly at the mines without need of railway 
transportation. 

2. The natural richness of the salts has materially contributed 
to the growth of production. As heretofore stated, the analysis of 
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the upper layer ranges from 20 to 25 per cent of K,O. By select- 
ing the material coming up from the shafts it is possible to obtain 
a salt averaging 30 per cent of K,O, whereas in other countries 
refinement is required to obtain salts of that grade. 

3. The French potash salts are very pure, containing only potas- 
sium chloride and sodium chloride, with but 2 per cent of calcium 
sulfate and only a bare trace (0.1 per cent) of magnesium chlo- 
tide. The purity of the French salts eliminates the extra expense 
of refinement to keep down magnesium chloride. 

4. The mines have been developed logically, care being taken to 
avoid sinking too many shafts. The Society is convinced that it 
is better to have eighteen efficiently operated shafts that produce 
high-grade salts than a large number of shafts of which many are 
operated at a loss. However, with these eighteen shafts and the 
present equipment the Society could, if necessary, extract 1,000,- 
ooo tons of KO annually. The disposal of such an output might 
at first appear difficult, yet a careful study has shown that the 
potash consumption of the world, exclusive of France and Ger- 
many, has doubled every seven years. 


GREAT GROWTH IN THE UsE oF PoTASH IN FRANCE 


The amount of potash used in France has doubled every four 
years, as shown by the following figures: 


Year Tons of K20 
DO eee ee ees eee ee x eet aes! os 45,000 
0 2 () See = eee ee ere, See eee Le 83,000 
i Dil epee es Skee. 4 re ee See 2 ee Bre 60,000 
LO 2 Zeer Seed 9 ES CY ete OE 74,000 
UO DS Renee Bee ocak ke ec eee Bele 90,000 
LP he ene OD Ss ee ee 107,000 
US VAD eo 8 at Re ee Tee Ee ee eR SN 120,000 


This tremendous increase in potash consumption in France may 
be largely attributed to a rapid spread of knowledge of the true 
value of fertilizer. French farmers have learned to appreciate the 
profitable results of the use of potash, even in large quantities. 
Although France is smaller in area than Texas, there is every indi- 
cation that within a few years the annual consumption of France 
will reach 1,000,000 tons of K,O. 
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Quantities oF PorasH USED IN CERTAIN COUNTRIES 


Comparative statistics on the annual consumption of potash in 
some of the leading agricultural countries of the world may be of 
interest. Germany, with 64,000,000 acres under cultivation, con- 
sumes 1,000,000 tons of K,O. Holland, with 2,209,074 acres 
under cultivation, uses 80,000 tons of K,O. The United States, 
with 294,049,000 acres under cultivation, consumes only 231,000 

LOTS 10 Cais, CO), 

As the combined annual production of France and Germany is 
only 1,500,000 tons of K, O, it can easily be seen that this amount 
could be tripled and even quadrupled without creating a fear of 
over-production. For this reason the discovery of potash in the 
United States in paying quantities would be greeted by the Society 
not with regret but with co-operation and help. 

The fertilization of the soil is a very complicated problem and, 
like all problems, its solution becomes more difficult as the number 
of unknown factors increases. The composition of the soil and 
the varying amounts of potash, nitrogen and phosphoric acid to be 
applied all must be considered in the solution of the problem of 
soil fertility. For many years it was thought in France that the 
quantity of fertilizer to be applied to the soil could not be in- 
creased beyond certain limits without detrimental effects, but 
recent experiments with large quantities of potash have caused 
this idea to be abandoned. As much as 2,000 pounds of sylvinite 
to the acre have been applied with excellent results. Such results 
are explained by the fact that the soil itself absorbs a great quan- 
tity of potash. Before plants can get their full benefit from the 
element the potash saturation point of the soil must be reached. 
When this point is reached all the potash remaining in the soil 
moisture is at the disposal of the plant. 

The world’s need of potash is increasing so rapidly that all pro- 
ducers should show the highest spirit of co-operation in supplying 
this need. In satisfying the consumer’s desire for low prices and 
stability the French Potash Society is following the pacific com- 
mercial attitude of France. In their effort to rehabilitate their 
war-torn country the people of France are seeking commercial 
stabilization, As a result of their attitude of co-operation and 
their effort to establish stability potash is one of the few commodi- 


ties that the consumer purchases today at a lower price than 
before the war. 
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Unitep States SHoutp Usr More PotasH 


The world potash supply is of tremendous importance to the 
United States. Declining soil fertility, coupled with the need of 
efficiency in farming, have greatly increased the necessity of scien- 
tific fertilization in this country in recent years, especially in the 
South. More than half the farm lands of the South are naturally 
low in plant food, and contain little potash. The continuous culti- 
vation of cotton has exhausted the available supply of this ele- 
ment, and complete fertilizers analyzing high in potash are neces- 
sary to profitable crop production. With the aid of high-grade 
commercial fertilizers, some sandy soils in the South that were 
considered practically worthless fifty years ago are today making 
a bale of cotton to the acre. 

The world’s cotton crop is of tremendous importance to Europe. 
Through what might be termed a policy of reciprocity the Ameri- 
can farmer barters cotton for potash, with which more cotton is 
produced. Potash is equally necessary in the production of other 
field crops, such as tobacco, corn, and potatoes. The great trucking 
districts along the Atlantic seaboard were developed by the use of 
fertilizers analyzing high in potash. 

The mention of potatoes reminds me of an incident, with an 
account of which I shall close. During the summer I shipped 
some potatoes from my farm near Columbus, Miss., to Birming- 
ham, Ala., a distance of 122 miles. The freight was 51 cents per 
100 pounds. French kainit is brought 2000 feet out of the earth, 
ground, shipped by railway to the Rhine, loaded on barges bound 
for Antwerp, reloaded on ocean-going steamships, and delivered to 
American ports to be sold at 4o cents per 100 pounds. 
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THE POTASH RESOURCES OF THE UNITED STATES 
By J. W. TuRRENTINE 


The agricultural world owes its education in the use of potash 
principally to the German potash producers. To be sure, the agri- 
cultural use of potash, as plant ashes, is centuries old, but the use 
of potash compounds of high concentration had its origin in the 
discovery of the great subterranean potash deposits of Germany, 
for the general introduction of the use of potash in agriculture was 
the result of the commercial exploitation of these deposits. Potash 
dug from the mines of Germany thus became employed by the 
farmers of the world. Complete information as to its agricultural 
value, presented in impressive form and supported by abundant 
experimental evidence, guided the farmers of the world in its use. 
The service thus rendered was excellent and invaluable. Potash 
was delivered in abundant quantity and at a remarkably low price. 
Little evidence, however, was made public to show the ruthless- 
ness in the exploitation of the world’s potash market or the mis- 
use of the enormous powers of a world-wide potash monopoly 
enjoyed by the German producers. 


GERMANY’S PRE-war Monopoty oF PotTasH A SOURCE 
OF CONCERN 


In spite of the favorable aspects of this world-wide potash serv- 
ice, the situation was not regarded as satisfactory. In America 
monopolies were viewed with some suspicion, regardless of their 
benign appearance or purpose. The power of the monopolists of 
potash and the powerlessness of the consumers were too great to 
permit complacency. Furthermore, in the absence of international 
codes rendering inviolable the freedom of the seas, it was evident 
that a war between Germany and some other great maritime 
nation would interrupt the steady flow of potash to America. Or 
even before the World War and its attendant potash famine in 
America, nation-wide investigations of American potash resources 
had been begun. In fact, we had already carried them to a point 
where it was possible for us to develop, in the brief period of the 
war, sufficient potash to supply 25 per cent of the normal require- 
ments and to establish a producing capacity of 50 per cent, but at 
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a cost that taught us the unwisdom of relying on such methods 
of providing a national necessity in a national crisis. 

But even if these objectionable aspects of our dependence on 
Europe for potash did not exist there are other economic consid- 
erations that should impel us to exert ourselves to develop Ameri- 
can potash industries. 


European PotasH CHEAP IN SOUTHEASTERN STATES, 
EXPENSIVE IN THE WEST 


It happens that the part of American agriculture which is based 
on the gray soils of the Southeast is the part most definitely com- 
mitted to the use of fertilizer. This part of our agriculture is 
efficiently served by the European potash producers, for most of it 
lies within a short distance of seaports at which foreign potash is 
delivered at a moderate charge for ocean transportation. Farther 
inland, however, the situation is quite different, the present high 
freight rates making the cost of potash too high for general use on 
low-priced crops. The great areas on which these crops are grown 
are inaccessible to the same cheap sources of potash that are 
available to those that lie closer to the Atlantic seaboard. It is 
essential to provide cheap potash for these areas also if they are 
to enjoy the great economic advantage of cheap and abundant 
supplies of fertilizers. 

German potash delivered on the Atlantic seaboard of America 
bears a transportation charge from the mines of about $5 a ton; 
French potash bears a somewhat higher charge. When potash is 
reloaded and transported inland this charge mounts rapidly and 
soon reaches a figure that appears to prohibit its use in general 
agriculture. These charges we can in large measure avoid by 
making potash a product of a diversified American industry, using 
various raw materials and producing it at many points strategically 
placed to insure accessibility to the market. 


LIBERAL Use oF FERTILIZER ESSENTIAL TO INTENSIVE 
CULTIVATION 


The present trend in agriculture is toward intensive methods 
of cultivation, and liberal application of fertilizers is essential to 
intensive agriculture. The bearing of the use of fertilizer on in- 
tensive agriculture is illustrated by the fact that Holland, which is 
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definitely committed to intensive field culture, though no larger 
than an American county, consumes annually 80,000 tons of actual 
potash, whereas our own entire consumption is only 200,000 tons. 
The future prosperity of the nation is closely linked with the 
prosperity of its basic industry, agriculture, and the prosperity of 
that industry is in turn dependent on abundant supplies of fertil- 
izer. The maintenance of soil fertility, the life of the soil, is 
dependent on the use of fertilizer. The establishment of Ameri- 
can sources of cheap agricultural potash is therefore demanded by 
something more than national aspiration or pride of independence. 
The demand is economic. 


No SINGLE SouRCcE oF PotasH CAN SUPPLY THE WHOLE 
CouUNTRY 


‘In a country as large as the United States no single local source 
of potash, however large, will probably be sufficient to serve our 
entire agricultural industry. Transportation charges will inevit- 
ably limit the field to be covered. It was the dream of those of 
us to whom was committed the task of furthering the establish- 
ment of an American potash industry that somewhere within our 
borders we should find subterranean potash deposits comparable 
to those of Germany—deposits from which merchantable potash 
could be mined and shipped to market, as coal is mined and 
shipped—a dream inspired by the condition of the German indus- 
try in its earlier days. Potash materials that required more labor 
than this were regarded as of little value. Developments within 
that industry, however, have gradually and almost imperceptibly 
changed it from a purely mining to a strictly chemical industry. 
Present practices and conditions demand concentrated potash salts 
to reduce transportation charges and therefore involve refining. 
The fabrication of waste materials to form merchantable products 
naturally follows. Accordingly, the chemical refining of potash 
salts has become the rule, so that consideration is now given to the 
value of the by-products obtainable and not exclusively to the 
concentration of the potash in the raw material, as formerly. 


DEVELOPMENT OF THE MANUFACTURE OF POTASH AS A 
By-PRoDUCT 


This chemical aspect of the potash industry greatly enlarges and 
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improves the possibilities of establishing potash industries based 
on raw materials that formerly appeared worthless. The question 
now is, what side products can be obtained to share the cost of the 
production of potash? This question frequently forces the potash 
into the desirable position of a by-product, a position that greatly 
enhances its ability to compete with potash derived from other 
sources. 

Nation-wide surveys of the potash deposits in the United States 
have shown that we have unlimited resources of that mineral. 
These resources may be classed into four groups—industrial 
wastes, natural brines, potash minerals of the nature of silicates, 
and subterranean deposits of potash salts. 

Several large manufacturing industries of the country use raw 
materials that contain small quantities of potash, which becomes 
concentrated in the residues remaining after the recovery of the 
main products. Noteworthy among these are the blast-furnace, 
cement, sugar and alcohol industries. 

In the blast furnace and cement industries, the potash in the 
charge is volatilized in the heat of the furnace and is driven off as 
a fume in the furnace gases, from which it may be recovered. In 
these two industries there is now being lost every year about 
170,000 tons of recoverable potash (K,O), which, together with 
that lost in the sugar and alcohol industries, brings the total loss 
to a figure in excess of the 200,000 tons now required by the coun- 
try. That is to say, in four American industries the nation’s avail- 
able supplies of potash are going to waste. It would be too much 
to expect that all this lost potash will soon be saved, despite the 
marked progress now being made in the technology of its recovery. 
The great loss of potash in the dust and fumes blown from the 
stacks of metallurgical and cement plants long went unnoticed— 
except by the inhabitants of the neighboring countryside. With 
the development of apparatus and of methods for its recovery, 
however, and an appreciation of the economic gain to be made 
thereby striking changes have come about in the attitude of the 
manufacturer toward this problem. 


SEVERAL INDUSTRIES YIELD By-Ppropuct PoTasH 


In the blast-furnace industry the problem is essentially the sub- 
stitution of the dry for the present wet methods of cleansing 
blast-furnace gases, thereby effecting a conservation in heat units 


82 MINERAL RAW MATERIALS FOR FERTILIZER INDUSTRY 


sufficient io justify the change without regard to the saving of 
potash and other considerations. 

In the cement industry, in both Europe and America, potash 
recovery has already been advanced to the point where potash of 
acceptable concentration and chemical form is being obtained as a 
direct product in a simple and automatic manner, and it seems 
reasonable to expect that this process will be generally adopted 
to the point at least where the greater part of the potash now lost 
in this industry will be saved and made available for agricultural 
use. This saving will supply a large number of small producers 
with potash for local consumption. Simple procedures already 
worked out can be adopted for increasing the amount of potash 
volatilized and recovered in both the blast furnace and the cement 
industry. 

In the sugar and alcohol industries the problem is to recover the 
potash from the waste liquors remaining after the sugar and the 
alcohol have been removed. This recovery is already being prac- 
tised and increased, one alcohol manufacturer now being the sec- 
ond largest American potash producer, making an annual output 
of 18,000 tons of potash salts. 


Naturav Brings THaT ContTaIn LarGe QUANTITIES OF PoTAsH 


Potash brines, the American potash resource thus far most 
actively exploited, are found in the desert or semi-arid regions of 
the United States, notably in western Nebraska, in Utah, and in 
California. These brines are found in regions relatively remote 
from the principal fertilizer markets, a severe economic handicap, 
but one that is by no means insurmountable. 

During the war-years of potash famine, the small, shallow 
potash lakes of western Nebraska furnished most of the potash 
of American origin. Unfortunately, during that period considera- 
tion was given only to output and not to refining the brine for 
the recovery of by-products. Potash being the only product, it 
alone was not able to carry the entire burden of manufacturing 
cost and to sell in competition with the European product. The 
considerable industry then established accordingly went out of 


existence upon the reappearance of European potash on the 
American market. 
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DEVELOPMENT AT SEARLES LAKE 


The potash brines of Searles Lake, California, had already been 
exploited before the period of potash scarcity occasioned by the 
World War. The manufactory there established was therefore 
not a war-time enterprise, and its plans and prospects were not 
based on war-time prices. These brines, which are obtainable in 
large quantity, contain not only potash but borax and the sulfate, 
chloride, and carbonate of sodium, offering a series of possible by- 
products to fortify the economic position of the main product, 
potash. Appreciating the importance of this fact the management 
early placed their problem in the hands of competent research 
chemists. As a result, today potash is produced of a purity of 
about 98 per cent, is widely distributed, and is completely and 
advantageously sold in competition with the imported commodity, 
because by-products of equal excellence share the cost of pro- 
duction. 

This enterprise shows well what may be accomplished by the 
application of chemical methods to the refining of low-grade pot- 
ash materials. Here a raw material containing less than 5 per 
cent of actual potash is processed so advantageously and yields by- 
products of value so high that the potash produced can bear a 
transcontinental freight rate and still sell in competition with 
the foreign product. This single enterprise supplies approxi- 
mately 10 per cent of our present requirements of potash. 

Searles Lake, it is estimated, contains twenty million tons of 
actual potash, 100 years’ supply at our present rate of consump- 
tion, a total that may be greatly augmented by accumulations of 
potash brines in the other States mentioned. 


IMMENSE NATURAL REsouRCES OF PoTASH AVAILABLE 


Deposits of potash minerals that occur in many States contain 
in the aggregate quantities of potash in comparison with which 
all other sources appear insignificant. Typical of these are the 
deposits of alunite in Utah and of leucite in Wyoming; the potash 
shales of Minnesota, Ohio and Georgia; the potash feldspars of 
many States; and the greensands of New Jersey, Delaware, 
Maryland and other Atlantic and Gulf States. To show the 
extent of the potash supplies represented by these deposits it is 
necessary to mention only the two that have been more thoroughly 


84 MINERAL RAW MATERIALS FOR FERTILIZER INDUSTRY 


surveyed—the leucites of Wyoming, containing 200 million tons 
of actual potash, and the greensands of New Jersey, containing 
over two billion tons. In the part of the New Jersey deposits that 
lies within reach of a steam shovel there is sufficient potash to 
supply the American demand at the present rate of consumption 
for a thousand years. 

The problem of obtaining potash from these more or less 
refractory raw materials is exactly the same in principle as that 
which has been successfully solved in refining the Searles Lake 
brine; the solution lies in the application of chemical methods 
to the complete segregation of the potash contained in*the raw 
material. Leucite is already the basis of a new potash industry in 
Italy, and in the laboratories of the U. S. Department of Agricul- 
ture recent work on greensand, by far the greatest of our present- 
known potash resources, has resulted in a process, which seem- 
ingly promises to be commercially feasible, whereby all the constit- 
uents of the raw material—potash, alumina, iron oxide and silica 
——are converted to merchantable products, each of established 
utility and value. 

These raw materials, which have long been recognized as potash 
carriers, have been the object of much study, which, however, 
has been directed to the single objective of recovering their content 
of potash, their other constituents being disregarded. As a result 
it is now generally recognized that they cannot be successfully 
treated for potash alone. Their treatment is a chemical problem, 
and the chemist has pointed the way to the utilization of all their 


values and has thus radically altered the economic aspects of the 
problem. 


EXPLORATION FOR UNDERGROUND DEPOSITS 


The discovery of subterranean deposits of soluble potash salts 
has long been regarded as the ideal solution of the American 
potash problem, and the recent location of such deposits in Texas 
and New Mexico is accordingly hailed as a possible realization 
of our dream. Though we know little more concerning these 
deposits than that they exist, our present data being purely quali- 
tative, there are reasons for believing that in the large region 
underlain by segregations of potash, some areas will contain 
deposits of workable thickness, Exploration in this region by 
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core drilling, now provided for by Congress, should determine 
this point. The value of these possible deposits, however, has 
been discounted in advance because of their remoteness from the 
present potash market and the probable lack of marketable by- 
products obtainable from them, factors militating against their 
becoming a source of potash of nation-wide value. The trans- 
portation charge of $5 a ton now borne by the German product 
from the mines to American seaports would not deliver Texas 
potash by rail transportation over a very wide radius. 

It must not be forgotten, however, that the State of Texas itself 
represents a large potential market that is so far quite undeveloped 
because of its distance from other sources of supply. Further- 
more, it may be possible to deliver concentrated potash brines by 
pipe line from the proposed mines to the Gulf Coast for refining 
there, and thus to gain for the product the great advantage of 
water transportation to the Gulf and Atlantic ports and the vast 
agricultural areas of the Middle West. 


PRESENT PotasH PRODUCTION LARGELY A CHEMICAL PROBLEM 


Potash production is now a chemical and no longer a purely 
mining operation. The recovery of by-products to bear in part the 
cost of manufacturing and concentrating the product in order to 
reduce transportation charges is a factor of prime importance, in 
comparison with which other factors that were formerly regarded 
as essential now become negligible. American potash resources 
represented by trade wastes, natural brines, marine algae, potash 
minerals and subterranean deposits of potash salts have all now 
become potential sources of potash for American industries. 
Through these sources an American potash industry of firm sta- 
bility and wide diversity, advantageously distributed over the 
country, is entirely possible, and its gradual development may 
be confidently expected. Based on inexhaustible raw materials, it 
will provide cheap potash for the increasing demands of American 
agriculture. 
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THE ECONOMICS OF AMERICAN POTASH 
PRODUCTION 


By J. E. TEEPLE 


The United States now produces about 25,000 tons of potash 
a year, which is about one-tenth of the annual consumption. Next 
year the production will be about 60,000 tons, nearly one-fourth 
of the consumption. Potash is now produced in this country by 
three agencies, as follows: 

1. The American Potash and Chemical Corporation at Trona, 
on Searles Lake, in California, which manufactures potash as a 
primary product and produces about 85 per cent of the total 
American output. This corporation is now enlarging its plant and 
in 1927 will make about 56,000 tons of K,O, which should be well 
over 9o per cent of the total American output for the year. 

2. The United States Industrial Alcohol Company, which 
recovers potash as a by-product of the industrial alcohol industry 
and is now furnishing about ro per cent of this country’s output 
of potash. 

3- A number of plants that produce potash in small quantities 
as a by-product. Their combined production of potash is not more 
than 5 per cent of the total output in this country. 


Nearty ALL Our PotasH Propucep By Two PLANTS 


Thus, 95 per cent of the potash we produce is the output of two 
plants. Both are strictly private business enterprises, which have 
achieved their success alone. Neither was ever the recipient of 
Government aid in any form, either as suggestions, methods, pro- 
cesses, equipment, research, development work, or special con- 
cessions or considerations. This point is emphasized here simply 
to indicate that the potash industry is not different from any other. 
It can be developed where business conditions warrant, and no 
amount of Governmental fussing or coddling will develop it where 
conditions are adverse. Ninety-five per cent of the potash we 
produce today is the result of private enterprise. Ten years of 
active Governmental work may have contributed something to the 
remaining 5 per cent, but how much I do not know. This state- 
ment is not intended in any sense as a criticism of the men in the 
Government service who have been working on potash; with any 
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other men the result would be much the same. The only aim of 
this digression is to discourage the common hope and belief that 
the Government is the proper agency to initiate and develop a new 
industry. In time of war or of great national stress, when cost is 
unimportant, a government can get results, but under ordinary 
commercial competition we must rely entirely on private enter- 
prise for development. 


PROBABLE SOURCE OF PRODUCTION IN 1927 


We may expect, then, for the year 1927, a production of more 
than 50,000 tons of K,O from the plant at Trona and of possibly 
5,000 or 6,000 tons from all other sources, but principally from 
the United States Industrial Alcohol Company. At present there 
is no evidence that there will be any considerable production in 
1927 from any new source. We have plenty of possible sources 
of potash in the United States, but not a great many probable 
ones. No doubt there are beds of potash in Texas and possibly 
in Michigan, New York, and Ohio, where there are well-known 
salt deposits, but whether there are any beds that are commer- 
cially workable at competitive prices is a question that cannot yet 
be answered. Only the future can answer—and after the expen- 
diture of a good deal of money and work. The alunite deposits in 
Utah can probably be worked to advantage ultimately, but not 
until some one mobilizes the courage, patience and money for 
their thorough study and commercial survey. There is potash 
in greensand, in feldspar, in leucite, but we are still far from 
obtaining any commercial potash from these sources, and it is 
an open question whether we ever will. 


PRODUCTION FROM SEARLES LAKE 


When I first saw Searles Lake, in 1919, at least three other 
enterprises besides the Trona plant were working on the lake. 
One, the Borosolvay plant, had produced a considerable amount 
of potash commercially, but it was closed down four or five years 
ago. It has not been reopened, and a great part of it has been 
scrapped. A second plant was that of the West End Chemical 
Company, which has been intermittently doing experimental work 
but has never made any commercial production of potash. A 
third plant, that of the Burnham Chemical Company, has never 
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produced any commercial potash. It is at a standstill now on 
account of a fraud order issued by the United States Postoffice 
Department in connection with sales of stock. 

About two-thirds of Searles Lake is held by the United States 
Government and leased to possible producers. None of these 
lessees, however, has made any progress toward the commercial 
production of potash. The Trona plant, on the other hand, has 
progressed steadily to the point where we have in sight the notable 
production of 90,000 tons of potassium chloride a year. After 
this rate of production has become more or less firmly established 
there is nothing to prevent still further extension. 

The plant at Trona had no advantage over the others on Searles 
Lake, and probably no advantage over several other organizations 
that were attempting to produce potash from different sources. 
Its success is due simply to courage, patience and a willingness 
to spend money in a thorough study of its problems without ex- 
pecting instantaneous returns. The same formula would have 
brought results to other plants and lessees of Searles Lake and 
elsewhere and will bring them yet if properly applied. 


TECHNOLOGY OF EXTRACTION AT SEARLES LAKE 


The brine of Searles Lake contains about 16.5 per ‘cent of 
sodium chloride, 7.2 per cent of sodium sulfate, 4.75 per cent of 
potash (figured as potassium chloride), 4.7 per cent of carbonate 
and bicarbonate (figured as sodium carbonate), 1.5 per cent of 
boron (figured as anhydrous borax) and 65 per cent of water. 
When I first saw the plant those in charge of it had succeeded in 
making a partial separation of the borax from the potash and a 
partial separation of the potash from the other salts and from 
water by steam evaporation, at what we would now regard as an 
exceptiondlly high cost. 

The first question to consider was, Can these separations be 
made complete, as they must be if the product is to meet competi- 
tion in times of peace? The second question was, Can complete 
separation be made at a cost low enough to meet competition? At 
that time neither question could be answered positively in the 
affirmative, but a careful study showed no insurmountable ob- 
stacles, and it seemed that the result desired could be accomplished. 

Having determined that the thing could probably be done, we 
first made a complete study of the equilibrium of the several salts 
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at various temperatures in the brine of Searles Lake. This study 
was necessary to find the conditions under which they could be 
separated most favorably. How do the sodium and potassium 
salts mutually affect each other's solubility when present as 
chlorides? As sulfates? As carbonates? As bicarbonates? As 
borates? As metaborates? In pairs? In threes? In fours? In 
fives? In sixes? 

Obviously, this was a long, tedious piece of work. It was pure 
science, although it had a specific commercial end in view. The 
results will be given to the scientific world as soon as the men 
who did the work can find enough freedom from more pressing 
duties to put them in shape for publication. 

The second question was how best to remove the water and to 
separate the potash from the undesired salts. The desert is very 
hot. The humidity is comparatively low. Consequently everyone 
who sees the desert for the first time jumps at the conclusion that 
solar evaporation is the only proper method for removing the 
water. Naturally we tried this method in experimental solar 
ponds. We also tried spraying, evaporation towers and evapora- 
tion in thin sheets, but our equilibrium work had shown that 
rather careful control of conditions was necessary, and the net 
conclusion reached was that, in the long run, evaporation by steam 
was cheaper. 


DIFFICULTY WitH FoAMING OVERCOME 


But steam evaporation did not work very well, owing to the 
foaming of the brine. From the percentage composition it will be 
seen that, theoretically, in order to make 4.75 tons of potassium 
chloride, it is necessary to separate it from about twenty-eight tons 
of other salts, besides evaporating sixty-five tons of water. In 
actual practice this foaming made it necessary to evaporate sev- 
eral hundred tons of water in order to get the 4.75 tons of potas- 
sium chloride. Consequently a careful study of the foaming prob- 
lem was necessary. 

On investigation we found that the foaming was caused by 
organic matter, which was carried from the watershed into the 
lake and which probably contained saponin, and also by the pres- 
ence of finely divided salts in the evaporators. If the evapo- 
rators could be kept entirely free from finely divided salts the 
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foaming could be controlled. Or if the organic matter could be 
entirely removed—for example, by an absorbent carbon—there 
would be no trouble with foaming. But it was found that the 
evaporators could be kept free from salts and the organic matter 
could be removed only at impossible expense. This discovery led 
to a long study of the effect of various materials on surface ten- 
sion—again an investigation in pure science. It was learned that 
ether would control the foaming but ether is rather difficult to keep 
in evaporators. Cholesterin would control it, but this was too ex- 
pensive, and the demand would probably exceed the supply. 
Layers of oils on the evaporators would control it, but these layers 
of oils acted as flotation agents on a double salt, which separated 
in the evaporators and put the whole crystallizing process out of 
commission. It is needless to go over the list of other materials 
that were found effective or partly so, because the answer turned 
out to be fairly simple. The way to stop foaming of this particu- 
lar kind is to add soap or something that will form a soap! This 
shows the general type of scientific investigation that was needed 
to solve this particular problem. I have mentioned only the study 
of equilibrium and of surface tension. Of course there were many 
other studies. 


SATISFACTORY EQUIPMENT FOR LARGE OuTPUT PROVIDED 


A problem of quite another sort was that of proper equipment. 
Most of our operations must be carried on within rather narrow 
limits of temperature and concentration, and even of time. We 
could buy suitable pumps, motors and centrifugals, but suitable 
evaporators, coolers, crystallizers, settlers, and salt separators 
had to be designed to fit the unusual conditions. Most of this 
apparatus would look rather strange to a man familiar with chem- 
ical plants, and a discussion of it here would serve no useful 
purpose. 

The result of our work is that next year we will be turning out 
a ton of marketable potash or borax every four minutes or less for 
days, nights, Sundays and holidays. During every minute of the 
year the plant will receive about four tons of brine from the lake, 
will evaporate over two and one-half tons of water from the 
brine, will separate about a ton of undesired salts and will turn out 
over 500 pounds of marketable potash and borax—all this every 
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minute. Its large production enables this plant to compete on 
potash in the markets of the United States and of the Orient, and 
to compete on borax in the markets of the whole world, in spite 
of the fact that the freight on borax is about $2,500,000 a year. 
Although the output of this plant is fairly large, there is no reason 
to think that it has begun to approach its limit. 


DANGER oF PotasH FAMINE PREVENTED 


The plant now labors under the handicap that it produces no 
form of potash except muriate, which gives potash in concentrated 
form at a relatively high price per unit. Many fertilizers now 
sold, however, contain potash in the form of kainite, manure salts, 
etc., which are not nearly so concentrated and also not so high 
priced per unit as the muriate. This handicap may ultimately dis- 
appear, however, for the trend of the fertilizer industry seems to 
be toward more concentrated fertilizers. 

This immense production of potash has removed all danger that 
the United States may ever suffer from a potash famine—a danger 
often threatening our welfare. In time of stress it would be 
easily possible within a year to build plants on this one lake that 
would supply all the potash that we need. We are now using 
only 250,000 to 300,000 tons of K,O a year. We could probably 
use two or three times that much to good advantage. The present 
American production may therefore be considered only a small 
matter. With proper education of the consumer in the use of 
potash our imports of it from Germany and France should in- 
crease rather than decrease for years to come. 
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INTRODUCTORY REMARKS ON PHOSPHATES 
By Cuartes H. MacDowELi 


Today’s round-table will be limited to a discussion of phosphates 
and sulfur in the form of both brimstone and pyrite. Until now, 
fertilizer practice has linked together these two essential raw ma- 
terials. Sulfuric acid has been required to render phosphates 
available. Will this situation persist? 

Phosphatic material has been added to the soil in the form of 
bones for some hundreds of years, but it was not until about the 
middle of the last century that mineral phosphates were syste- 
matically mined for use as fertilizer. This practice began at a 
time when great impetus had been given to the use of phosphates 
because of the discovery that by treatment with sulfuric acid 
calcium phosphate was made rapidly available to plants. From 
this period dates the development of the modern fertilizer industry. 

Meager deposits of apatite, a crystallized mineral containing 
tricalcium phosphate and calcium fluoride or chloride, were known 
at that time, but their mining was costly and their supply was 
uncertain. Low-grade phosphatic material known as coprolites 
was discovered and exploited on the continent of Europe and in 
England; and then came the discovery of our South Carolina 
deposits of high-grade phosphate rock, which was followed by the 
discovery of those in Florida, Tennessee, the Pacific islands, 
northern Africa and our own vast reserves in the West. 

Today some seven million metric tons of this raw material are 
produced annually. By far the greatest quantity of this phosphate 
is acidulated with sulfuric acid to produce acid phosphate or 
superphosphate for use as fertilizer. A small proportion, how- 
ever, is used for various industrial purposes, such as the produc- 
tion of phosphate baking powder, phosphate water softeners, 
ferro-phos for use in making steels, and finally for making ele- 
mental phosphorus. Phosphorus has become an important muni- 
tion of war for use in producing smoke screens. 

In Europe, where high-phosphorus iron ores are common, a 
basic slag containing varying percentages of phosphate has be- 
come of great value for use in certain fertilizers. Most of this slag 
is not directly competitive with acid phosphate but is really sup- 
plementary to it. In recent years, since the practice of adding 
fluorspar to the open-hearth charge has become common, the 
quality of basic phosphatic slag has been seriously impaired be- 
cause of the addition of the fluorspar. This situation is one of 


INTRODUCTORY REMARKS ON PHOSPHATES 93 


grave concern to the European consumers of slag phosphate. In 
this country the production and use cf basic slag is small because 
most of our iron ores contain little phosphorus. Some basic slag 
is produced in the Birmingham district. 

Bones, too, still make a proportionately small contribution to 
the sum total of phosphates used both in fertilizer and industry 
as bone meal and bone black and for preparing pure forms of 
phosphates. 

So, then, phosphate rock is by far the chief source of all our 
fertilizer and industrial phosphate, and it is with this mineral 
material that we are now mainly concerned. What is its composi- 
tion? Where is it found and in what quantities? How and where 
is it mined? What part does it play in world trade? What are 
the competitive conditions? What will the future situation be? 
I hope that these questions and many others will be answered by 
today’s discussion. 

Phosphates play a very important part in agriculture. They 
contribute to the sturdiness and constitutional stamina of plants. 
They stimulate root growth and hasten maturity. 

To render rock phosphate available for use as fertilizer it is 
treated with sulfuric acid. Approximately equal weights of the 
ground rock and 50° Bé. sulfuric acid are mixed; the mixture 
sets and disintegrates. Such a product contains from 16 to 20 
per cent of available phosphoric acid (P,O,). The process is 
simple, cheap and efficient. Double superphosphate is made by 
treating rock phosphate with phosphoric acid. In this way a 
product is obtained containing 40 to 50 per cent of P,O,. It is 
more costly to prepare than acid phosphate, but it will stand 
longer freight hauls. Various methods may be used for preparing 
the required liquid phosphoric acid. Today most of it is prepared 
by the application of sulfuric acid to rock phosphate. Will the 
future see volatilization methods, in either electric or fuel-fed 
furnaces, superseding sulfuric acid for this purpose? Will phos- 
phoric acid become the main carrier for fertilizer ammonia and 
even potash? These questions are not involved directly in the 
discussion of mineral phosphates, but the future trend of practice 
will have a vast influence on the economics of mining and the 
international trade in phosphate rock, and should therefore be 
considered. Is it probable that some day manufactured products 
will be shipped from the mines instead of raw rock? The field is 
fertile for discussion. 

But we shall now hear from Mr. Mansfield on the present world 
situation in regard to resources, production and reserves. 
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PHOSPHATE DEPOSITS OF THE WORLD 
By Greorce Rocers MANSFIELD 


SUMMARY OF PHOSPHATE OCCURRENCES AND RESERVES 


The principal types of commercial phosphates are derived from 
residual, replacement, and sedimentary deposits. The sedimen- 
tary type is on the whole the most important. There are three 
great phosphate fields, the western American, the north African, 
and the Russian, and there are many smaller, widely scattered 
deposits. Only one of the great fields, the north African, is now 
being much developed, and in 1924 this field supplied more than 
three and a half million metric tons, or nearly half of the world’s 
total production. The remainder came principally from the east- 
ern fields of the United States and from oceanic islands. 

The world’s reserves of phosphates have been estimated at 
approximately 16,867,000,000 metric tons, of which more than 
T0,500,000,000 tons is believed to be of high grade, or to con- 
tain more than 58 per cent of tricalcium phosphate. These re- 
serves include those of the western American and north African 
fields, the oceanic islands, and Palestine. The phosphate of the 
Russian field, so far as known, is generally of lower grade than 
58 per cent, though some of the material from the fields of south- 
ern Russia is of better quality, and the recently reported phos- 
phates from the Murcia district in Spain are also of low grade. 
The figures given show-that the world’s supply of phosphate 
should last more than 2,000 years at the present rate of produc- 
tion, and it is so widely distributed as to be readily accessible to 
practically all nations. 


SOURCES OF INFORMATION 


The figures for phosphate production given in this paper are in 
general those for 1924 as compiled by the Division of Mineral 
Statistics of the U. S. Bureau of Mines and by the Imperial Insti- 
tute, Mineral Resources Department, Great Britain. Information 
relating to occurrences and reserves has come from many sources, 
including official government bureaus, consular reports, articles 
published by mining engineers and others, compiled under differ- 
ent auspices and with different standards of accuracy. It has not 
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been practicable to designate them separately. The figures for 
reserves are much less definite and much less complete than 
those for production and, with few exceptions, should» not be 
considered official. Most of them are rather old, some of them 
dating back to 1918 or earlier, 


SUMMARY OF WorLD RESERVES 


The estimated world reserves of phosphate are shown in the 
following table. These are not to be considered official. They 
represent what the writer was able to gather from many sources. 
They vary in methods of computation and in standards of accu- 
racy. Some of them are very moderate; others are admittedly 
large, being hardly more than guesses. 


WORLD RESERVES OF PHOSPHATE 


Reserves Grade 

Country (Metric Tons) (Per Cent) 
(Gmipede States ee se 6,431,000,000 60-70 + 
AB OVAVISIIES, a aks Bia ig, pe oe a 1,000,000,000 58-68 
ANG SVEIEY, | ce eel OE a 1,452,000,000 58-68 
INOS) ate I Se 1,400,000,000 | 70-78 
MAGS" Laas eee 179,000,000 60+ 
Nauru and Ocean Islands__________ | 140,000,000 80-88 
Makebearisland@=-2- 5.5. —s8) 0+ 10,000,000 80+ 
ATS AUP RSA Tie eee eee oe 3,000,000 80+ 
JEPSEN I Ey EG 70 oS te be 3,000,000 75 
Ralestinewss = sere ee ee Pays oot ne 4,000,000 47-80+ 
Mocalmenioh@moradee==enemm mares |) 10,622,000,000 | Generally 60+ 
IRGC SIIB, , SE SS Re oa ee ee 5,568,000,000 | Less than 50 
Syaehhar(QUbberay) a oe ee 10,000,000 | Less than 50 
(Sill oevabs ie ate sen ee es ee 667,000,000 | Less than 50 
otaimlow serade se mee 6,245,000,000 | Less than 50 
Grarncdetotalipe at eee reek 16,867,000,000 


UNITED STATES 


The estimated phosphate reserves of the United States are 
shown in the following table: 
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PHOSPHATE ROCK IN THE UNITED STATES AVAILABLE 
DECEMBER 31, 1924 


Eastern field: 


Arkansas == 20,320,000 
Florida... 298,704,000 
Kentidkwa 892,000 
SouthiC@arolmage === 8,941,000 
Tennesseey2=2 2225 = 85,300,000 

414,157,000 


ee 
——— 


Western field: 


idahon= = =e 5,169,257,000 
Montana == === 397,584,000 
Witaht 28 ae 331,973,000 
\WAvColmiaee = 117,594,000 


6,016,408,000 


Grand:totel= ____ 6,430,565,000 


The figures for the western field are based largely upon esti- 
mates of tonnage made for classifying public lands, and of the 
total land withdrawn for classification, which amounts to 2,269,055 
acres, only 10 per cent has been classified. It is clear, therefore, 
that the estimates for this field must be gradually and greatly 
enlarged as the work of classification progresses. Nevertheless, 
reconnaissance work in parts of the unclassified areas indicates 
that their phosphates may be of relatively low grade. 

The Florida hard reék ‘phosphate, which is of the residual type, 
supplies the highest grade of rock mined in the United States, 
containing from 76 to 8o per cent or more of tricalcium phosphate. 
The land pebble is somewhat lower, the marketable grades ranging 
from 68 to 77 per cent. The Tennessee rock is comparable with 
the Florida land pebble and the western rock has averaged about 
72 per cent as mined. The Florida and Tennessee brown phos- 
phates require expensive washing. The western rock does not 
require washing but is mined by underground methods. 

The total phosphate production of the United States in 1925 
was 3,481,819 long tons, of which Florida supplied 84.1 per cent, 
Tennessee and Kentucky 13.7 per cent, and the Western States 2.8 


per cent. A small quantity of South Carolina rock was sold, prob- 
ably from existing stocks. 
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The Florida field has the advantage of accessibility to both rail 
and ocean transportation. The Tennessee field is less favorably 
situated, but the western field is remote from existing markets, 
though parts of it are accessible to transcontinental railroads. 


NortH AFrican FIfeip 


The North African field includes Egypt, Tunisia, Algeria, and 
Morocco. The phosphates exploited are mainly of the sedimen- 
tary type and are generally similar in all the countries named, but 
the highest grade material is in Morocco. 

Egypt.—In Egypt the phosphate of the Koseir and Safaga dis- 
tricts, near the coast of the Red Sea, are the most important. Some 
phosphate is also produced at Sibaia, near Kenek, on the Nile. 
Much of the Egyptian phosphate is of toolow grade for export, but 
the mines about twenty miles inland from Port Safaga and those 
about twelve miles from Koseir yield rock that averages 65 to 70 
per cent. The Safaga mines are controlled by an English company, 
which ships largely to Japan. The deposits near Koseir and at 
Sibaia are exploited by an Italian company, which ships mainly to 
Italy. The Sibaian phosphate is exported through Alexandria, 
and its volume is therefore limited by the amount of water in the 
rivers and canals, which is not always sufficient for navigation. 
The reserves of Egyptian phosphate have been estimated at 
179,000,000 metric tons. 

Tumisia.— The principal deposits of phosphate rock in Tunisia are 
in the southern part of the regency, toward the Algerian border, 
near Gafsa and to the southwest. The richest beds occur as lenses 
of great extent. The thickness of these lenses ranges from a few 
inches to ten feet. Only those deposits are worked that are near 
the railroad and that carry 58 to 68 per cent of tricalcium phos- 
phate, the maximum grade. Practically all the marketed phosphate 
falls in two grades, 58 to 63 per cent and 63 to 68 per cent. The 
moisture content averages about 4 per cent, and the iron oxide and 
alumina are generally less than 2 per cent. The rock is very 
friable and is one of the type most easily converted into super- 
phosphate. It is soft and is easily ground and worked. 

The great phosphate mine at Gafsa contains four principal beds. 
By mixing the material from two beds ten feet and six feet thick a 
product is obtained that carries an average of 60 per cent of tri- 
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calcium phosphate. Six companies were operating in 1924 and 

made a combined production of 2,391,000 metric tons. In 1925 

the production was 2,691,000 metric tons. The Société des Phos- 

phates et du Chemin de Fer de Gafsa is the largest producer in the 

world. In 1924 this company produced 1,730,000 metric tons. 

The principal shipping ports are Sousse, Tunis, and Spax. The- 
phosphate reserves of Tunis are variously estimated at from 57,- 

700,000 to 1,000,000,000 metric tons. The larger figure probably 

includes a great but undetermined amount of low-grade rock. 

Algeria.—Large deposits of sedimentary rock phosphate occur in 
Algeria. They are similar to those in Tunisia. The two most im- 
portant mining districts are near the towns of Setif and Tebessa, 
in the Department of Constantine, in the eastern part of the 
country. 

The most valuable deposits in Algeria are those at Djebel 
Kouif, near Tebessa, operated by the Compagnie des Phosphates 
de Constantine. The phosphate occurs in a basin-shaped deposit 
composed of five separate beds, three of which are workable. The 
thickness of the beds worked ranges from one and three-fourths to 
nine feet. Where the overburden exceeds twenty-four feet the 
rock is worked by inclined tunnels; elsewhere by opens cuts. A 
branch railway, sixteen miles long, connects the mine with the 
railway from Tebessa to the port of Bona, but this railway is cap- 
able of transporting only 330,000 tons of rock annually. The 
output from the mine is consequently controlled by railway facili- 
ties and not by the potential resources of the deposit. The rock 
throughout the Tebessa district contains from 58 to 68 per cent of 
tricalc1'um phosphate. 

In the Setif district the rock is mined either by open cuts or by 
tunnels. The grade is 58 to 68 per cent of tricalcium phosphate. 
In some parts of the district the rock is transported as much as 
twelve miles by ropeway to the railroad. In other parts standard 
gauge branch lines connect with the East Algerian railway system. 
The distance from port is 190 kilometers, about 118 miles. 

Several deposits of phosphate rock in Algeria have not yet been 
worked. The principal one of these is at Djebel Onk, about 50 
miles south of Tebessa and 125 miles from the Algerian seacoast 
and only three or four miles from the Tunisian border. It has no 
transportation facilities because the nature of the country to the 
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north would make any connection with railroads running to Alger- 
ian ports difficult and expensive, and, on the other hand, the easier 
and less expensive outlet to Tunisian ports is opposed on national- 
istic grounds. The deposit contains beds thirty to sixty meters 
thick, relatively free from silica or calcareous clay. The workable 
beds contain generally from 60 to 69 per cent of tricalcium phos- 
phate, though some run as high as 80 per cent. The rock contains 
only traces of iron and alumina. The absence of silica makes 
crushing easy, and the absence of water makes drying unneces- 
sary. Surveys already made indicate that the deposit contains a 
minimum of 1,000,000,000 metric tons of high-grade rock, 60 to 
70 per cent pure. The reserves of the Tebessa district have been 
estimated at 172,000,000 tons and those of the other fields com- 
bined at 280,000,000 tons. These are doubtless liberal figures, but 
they make the total for Algeria 1,452,000,000 tons. 
Morocco.—Phosphate that is probably workable occurs in three 
fairly large areas in the northwestern coastal region of Morocco. 
The northernmost, which is the only one explored in much detail or 
worked, is about eighty miles southeast of the port of Casablanca 
and includes the districts of El Boroudj and Oued Zem. The other 
two lie southwest of the first, at distances of about forty and one 
hundred miles, respectively. The phosphate beds form parts of the 
same sedimentary series that is worked in Algeria and Tunisia. 
This series, which includes many phosphate beds, is 200 to 275 
feet thick. Individual phosphate beds are as much as 8.4 feet 
thick and are associated with beds of flint, clay, and limestone. In 
the northern area the phosphate beds, which are nearly horizontal, 
occupy a belt fifty miles long and from three to twenty miles wide. 
The rock is said to contain 73 to 78 per cent of tricalcium phos- 
phate. The average tenor of the rock shipped has been about 76 
per cent. The deposits of Kourigha are said to be the richest yet 
discovered, some shipments containing more than 80 per cent of 
tricalcium phosphate. The reserves in the northern area are esti- 
mated at 1,000,000,000 metric tons. This estimate will doubtless be 
enlarged when more is known of the other areas. The exploitation 
‘and marketing of the Moroccan phosphates is in the hands of a 
government organization known as “L’Office Chérifien des Phos- 
phates.” Standard gage railway connections have been established 
between the mines and Casablanca, and the grade of the tracks is 


100 MINERAL RAW MATERIALS FOR FERTILIZER INDUSTRY 


such that cars loaded with phosphate may travel much of the way 
by gravity. Improved facilities for handling phosphate have been 
installed at Casablanca, so that vessels can be loaded at the rate 
of 350 metric tons an hour. The total shipments in 1924 were 125 
per cent greater than in 1923, and in 1925 they were 67 per cent 
greater than in 1924. The sales in 1925 amounted to 720,688 
metric tons. 


OcEANIC ISLANDS 


Although the reserves of phosphate in the oceanic islands are 
small compared with those of Russia, their present production is 
larger. The most productive of the deposits are those of Nauru and 
Ocean islands, the Gilbert and Ellis islands, and Christmas Island, 
all British; Makatea Island, French; Rasa and Angaur islands, 
Japanese ; and Curacao and Aruba islands, Dutch. In 1924 these 
islands together contributed 14 per cent of the world’s production. 

Nauru and Ocean Islands—The largest producers among the 
oceanic islands are Nauru and Ocean islands, in longitude about 
167° E., a few miles south of the equator. They are 165 miles 
apart and about 2,200 miles from Sidney. Nauru was formerly 
German, but Ocean Island has been continuously a British pos- 
session. The phosphate rock is generally a friable light-brown 
soil overlying coralline limestone, but locally it is hard. The 
grades range from 85 to 88 per cent of tricalcium phosphate. The 
reserves for the two islands are estimated at 140,000,000 tons, 
90,000,000 tons for Nauru and 50,000,000 tons for Ocean Island. 
The exports for 1924 were 459,162 metric tons, or 5.80 per cent 
of the world’s production. 

The islands are surrounded by coral reefs, which descend to 
deep water, so that special types of loading devices have had to be 
installed. Under the terms of the Nauru Island agreement of 
1919, the production of phosphate has been in the hands of a com- 
mission representing the United Kingdom, Australia, and New 
Zealand, and allotments of the product are made in the proportion 
of 42 per cent to each of the first two countries named and 16 per 
cent to the last. 

Gilbert and Ellis Islands.—A small production is recorded from 


Gilbert and Ellis islands, but no data are available regarding 
reserves and grades. 
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Christmas Island lies in the Indian Ocean, about 190 miles 
south of Java. The phosphate deposits are similar to those of 
Ocean Island. The rock contains on the average about 80 per 
cent of tricalcium phosphate. Large reserves are said to be 
available. 

Makatea Island, one of the Society group, about 120 miles 
north of Tahiti, has an area of 1,200 acres and is reported to 
possess reserves of phosphates amounting to 10,000,000 tons. The 
phosphate is easily worked and has an average grade of about 80 
Deceit: 

Angaur and Rasa Islands are the chief sources of Japanese 
production. Angaur Island, which was formerly a German pos- 
session, has reserves estimated at about 3,000,000 metric tons of 
rock, averaging about 80 per cent. The phosphate of Rasa Island 
is poorer in quality (about 75 per cent) and contains an objection- 
ably high percentage of iron and alumina. The reserves are 
reported to be about 3,000,000 tons. 

Curacao and Aruba Islands, off the coast of Venezuela, con- 
tains phosphate, which ranges in grade between 80 and 85 per 
cent. The rock is very hard and is difficult to handle. No esti- 
mates of reserves are available, but the production in 1925 
amounted to 81,771 metric tons. 


RUSSIA 


The Russian field, including the deposits in southwestern Si- 
beria, has produced little phosphate, but is a region that has great 
future possibilities for the production of fertilizer. The beds are 
sedimentary and are of enormous extent. The better grade rock, 
which has been mined chiefly in the governments of Podolia and 
Bessarabia, is said to have averaged about 75 per cent of trical- 
cium phosphate. The great bulk of the phosphate, however, which 
is distributed in a number of governments centered about Moscow, 
is of poorer grade. Poor transportation facilities have hindered 
development. It has been estimated that European Russia con- 
tains 5,568,000,000 tons of phosphate, of which 141,000,000 tons 
has a phosphorus content of over 24 per cent (about 50 per cent 
of tricalcium phosphate), 1,707,000,000 tons has 18 to 24 per cent 
(37 to 50 per cent tricalcium phosphate), and 3,720,000,000 tons 
has 12 to 18 per cent (25 to 37 per cent of tricalcium phosphate). 
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In the government of Uralsk, in southwestern Siberia, there is 
reported to be 600,000,000 tons of phosphate rock containing 30 to 
43 per cent of tricalcium phosphate, and in the adjoining govern- 
ment of Turgai there is said to be a similar deposit con- 
taining 67,000,000 tons of phosphate rock carrying 40 per 
cent of tricalcium phosphate. Thus Russia and Siberia together 
contain estimated reserves of 6,235,000,000 tons. There has been 
no production in Siberia‘and the production in Russia in 1924 was 
only 20,014 tons, or about one-fourth of one per cent of the 
world’s total. 


OTHER COUNTRIES 


Spain.—Veins of apatite in the province of Caceres have 
been worked for many years on a relatively small scale. Some of 
the material has been of very high grade (92 per cent of tricalcium 
phosphate), but the quantity is not great, and Spain has imported 
a large part of her phosphate. More recently the discovery of 
low-grade phosphate rock in the province of Murcia has been an- 
nounced. This deposit contains approximately 10,000,000 tons of 
phosphate. According to a published statement giving analyses 
the rock is glauconitic and contains 20 to 30 per cent of tricalcium 
phosphate and 7 per cent of potassium. The Spanish production 
in 1924 was 6,746 metric tons. 

France.—The French domestic deposits were once of consider- 
able importance, but as the grades range from 40 to 65 per cent of 
tricalcium phosphate, and as some are as low as 25 per cent, they 
are now unable to compete with the cheaper high-grade phosphate 
of Florida and North Africa, and production has consequently 
declined. It is reported that 226,000 metric tons was produced 
in-laes, 

Belgiwm.—The principal phosphate-mining region of Belgium is 
near Mons. Before high-grade American and Pacific Islands 
deposits were developed Belgium phosphates were of considerable 
importance, but the output has greatly declined lately, as the aver- 
age grade of rock obtainable contains only 40 to 45 per cent of 
tricalcium phosphate. In 1924 only 26,250 metric tons was 
produced. 

Germany.—Before the war no deposits of phosphate rock of 
commercial importance were known in Germany, though in her 
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island possessions she controlled large reserves of very high-grade 
rock. In 1918 a deposit was found near Nuremberg, Bavaria. 
This attains a thickness of ten feet in many places and is in the 
form of bi-basic phosphate of lime. In certain workings a product 
was found containing 80 per cent of tricalcium phosphate, but as 
a whole it has been estimated to average 35 per cent tricalcium 
phosphate. The German production in 1924, including ‘small 
amounts mined in Prussia as well as in Bavaria, was 1,399 metric 
tons, or about .02 per cent of the world’s production. Germany is. 
able to meet a large part of her phosphate requirements by using 
basic slag, a by-product of the smelting of phosphatic iron ores, 
the annual output of which is about T,000,000 tons. 

England.—Formerly phosphate rock in the form of nodules was 
obtained at many places in England. After the great American 
and North African deposits were discovered and exploited phos- 
phate mining in England ceased to be profitable and was 
abandoned. 

Palestine —Low-grade phosphate rock in sedimentary deposits 
of considerable extent and high-grade vein deposits along a fault 
line are reported as occurring between Es Salt and Ammon, on 
the east side of the Jordan. Sedimentary deposits occur also on 
the west side of the Jordan. The sedimentary deposits average 
about 48 per cent and the vein deposits 77 per cent of tricalcium 
phosphate. These deposits have been explored by a French com- 
pany, but no output has been reported. Estimates of reserves 
range from 4,000,000 to 14,000,000 metric tons. 

These deposits were long considered inaccessible. During mili- 
tary operations in Palestine, however, a railroad was constructed 
from Medina to Haifa. The line runs parallel to the Jordan about 
thirty miles east of the Jordan Valley and passes very close to the 
eastern side of the deposit at Es Salt. The distance by rail from 
Ammon to Haifa, along a circuitous route, is 151 miles. 

China..—Apatite containing 90 per cent of tricalcium phosphate 
occurs at Tung Hai Hsien, on the Chav Ho River, in the province 
of Kiangsu, in eastern China, about ten miles from the sea. A 
narrow-gauge railroad connects the mines with the river front, 
About 6,000 tons of ore has been mined, but operations are now 
suspended. The ore is friable and is easily ground. It occurs 
with manganese ore as replacement in limestone associated with 


gneissic rocks, 
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Japan.—In the province of Noto, in the Bonnin Islands, and in 
Formosa, Japan has low-grade. phosphates. Rasa Island and 
Angaur Island, as already noted, are also Japanese. In addition 
several islands of the Marshall group, formerly German, are now 
under Japanese control. Japan in 1924 produced 85,617 metric 
tons of phosphate, not including that produced by Angaur Island. 

Australia.—The largest deposits of rock phosphate so far dis- 
covered are in South Australia. These are distributed intermit- 
tently along a belt of country some 200 miles long from Myponge 
on the south to Carrieton on the north. The phosphate is asso- 
ciated with older limestones, quartzites, and sandstones. Phos- 
phates are also found in New South Wales (cave deposits), in 
Queensland (guano), and in Victoria (like those of South Aus- 
tralia). All are of low grade except some apatite, some of which 
contains 78 per cent of tricalcium phosphate. Some deposits con- 
sist of aluminum phosphate. The production in Australia in 1924 
was only 745 metric tons. 

New Zealand.—The known phosphate deposits of New Zealand 
are small, and, except those in the Clarendon-Milton district of 
Otago, are of little commercial importance. The phosphates of 
the Milton district occur as segregations in later limestones. The 
higher grade rock contains from 65 to 80 per cent of tricalcium 
phosphate. The total iron oxide and alumina ranges from 1.4 to 
g per cent. New Zealand produced 1,600 metric tons in 1924. 

Canada.—Apatite deposits in Canada were formerly extensively 
worked, but are now practically idle. The largest deposits are in 
Ottawa County, in Quebec Province, occupying a belt fifteen to 
twenty-five miles wide. Other deposits are in Ontario, occupying 
a belt lying south of Ottawa River and extending nearly to the 
St. Lawrence, a distance of about 100 miles, and having a width 
of 50 to 75 miles. 

Canada also has sedimentary phosphates similar to those in the 
western part of the United States, but probably of lower grade. 
They are undeveloped. 


No production was reported from Canada in 1924, but 37 tons 
was reported in 1925. 


WEstT INDIES 


Redonda Island, one of the Leeward group, contains deposits 
of aluminum phosphate, which occur as veins in the volcanic rock 
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of which this island is composed. The veins vary in thickness 
from a few inches to two feet. No production has been reported 
in recent years. ; 

Curacao and Aruba, off the coast of Venevuela, have already 
been mentioned. 

Phosphates are also mined on the island of Salut and Grand 
Connétable Island, near the coast of French Guiana. 


SoutH AMERICA 


Peru.—In the department of Isa there is a deposit of nodular 
phosphate. It is not used because of the local preference for 
guano. 

Chile——A large and rich deposit of phosphate is reported to 
occur in the valley of Huasco River about 300 miles north of Val- 
paraiso. It has not been developed. A small production of apa- 
tite was reported prior to 1923, but no production has since been 
reported. 


SUMMARY OF WorLpD PropuUCTION 


The preceding table showing the world’s production of phos- 
phate for the period 1920 to 1925 was prepared by Miss L. M. 
Jones, of the Bureau of Mines. 

The percentages of the world’s production of phosphate by 
countries in 1924 are shown in the following table. For some 
countries, if the production in 1924 is not known, the »production 
in 1923 is taken. The error thus introduced is believed to be 
small. 


PERCENTAGE OF PHOSPHATE PRODUCTION, BY COUNTRIES, 1924 
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PHOSPHATES IN INTERNATIONAL TRADE 


By M. H.- Grace 


PRODUCTION AND MARKETS FOR PHOSPHATE 


Europe is the world’s principal market for raw phosphate. It 
consumed in 1925 about five and a quarter million tons, which is 
somewhat more than double the quantity consumed in the United 
States, the world’s next largest market. Japan ranks next, with a 
consumption in 1925 of 440,000 tons. Australia and New Zealand 
follow closely, having consumed in 1925 somewhat more than 
400,000 tons. 

Little superphosphate is manufactured in other parts of the 
world than those noted. So there is little demand from other 
parts of the world for raw phosphate. 

The world is now producing altogether somewhat over eight 
and a half million tons of phosphate rock annually. The produc- 
tion may be grouped politically as follows: 

1. Under French control: About 4,400,000 tons from the 
North African deposits of Algeria, Tunisia and Morocco. 

2. Within the limits of Continental United States: About 3,- 
300,000 tons from Florida, Tennessee, Idaho and Wyoming. 

3. Under British control: About 650,000 tons from islands in 
the Pacific Ocean and about 80,000 tons from Egypt. 

4. Under Dutch control: About 100,000 tons, containing 85 
per cent tribasic phosphate of lime, from Curacao Island, in the 
Dutch West Indies. The principal markets for this phosphate 
are Scandinavia and Germany, which are at a distance of about 
5,500 miles and to which the sea freight rate is about $5.00 a ton. 


PHOSPHATE UNDER FRENCH CONTROL 


Of greatest interest both politically and commercially are the 
high-grade deposits found in French Morocco. Notwithstanding 
the principle of economic liberty and equality to all nationals 
which was the fundamental basis of the Algerciras Treaty of 
1906, the Sultan of Morocco, soon after these deposits were dis- 
covered, decreed that they should be exploited directly by a branch 
of his Government, which is in turn a protectorate of France. 
Money to finance their exploitation is supplied by the Government, 
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and all commercial operations are carried on by it. When it be- 
came advisable the Government of the Sultan furnished the money 
to build a broad-gauge railway, about 90 miles long, from Casa- 
blanca, the loading port, to the mines and granted the extraordi- 
nary rail freight rate per ton of three francs twenty centimes or, 
at the present exchange, about ten cents. 

The phosphate contains 75 per cent tribasic phosphate of lime 
and less than 1 per cent of iron and alumina combined. Active 
operations were begun in-1921. The shipments in 1926 will prob- 
ably amount to 900,000 tons, and a large increase is in prospect. 
The cost of producing Moroccan phosphate and putting it on 
board vessel at Casablanca amounts to about $5.25 a ton. As the 
current price of Moroccan phosphate is based on a price of $7.25 
f.0. b. vessel, these mines are making a handsome profit. The 
ocean freights from Casablanca to European ports range from 
$1.25 to $2.25 a ton, depending upon the destination. 

The French phosphate mines in Algeria and Tunis produce 
phosphate of grades ranging from 58 to 70 per cent, and pro- 
duction has grown from about two and a half million tons in 1913 
to more than three and a half million tons in 1925. Ocean 
freights are even lower than those from Casablanca. African 
phosphate of grades ranging from 58 to 63 per cent was selling 
not long ago, for shipment up to 1928, at $2.18 f. 0. b. vessel and 
for shipment during 1929 and 1930 at $2.48, and 65 and 70 per 
cent rock is offered at a price equivalent to $3.60 f. 0. b. vessel. 
Little or no profit can be realized at these prices, and if the franc 
should be stabilized, sales prices will probably be made at a loss. 
The rapid exploitation of the Algerian and Tunisian mines has 
resulted in an over-production of low-grade phosphate. 


PaospHATE UNDER ConTROL OF THE UNITED STATES 


Tennessee produces annually about 450,000 tons, Idaho and 
Wyoming 72,000 tons, and Florida about 2,750,000 tons. This 
output is all consumed in the United States except about 850,000 
tons of Florida rock, which is exported. Florida rock is of differ- 
ent grades, testing from 78 per cent tribasic phosphate of lime 
down to 66 per cent. The iron and alumina together run from 2 
per cent to 2% per cent. The Florida hard rock mines produce 
about 150,000 tons a year. The total exports of the Florida peb- 
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ble mines were about 700,000 tons in 1925 as against 887,000 tons 
in 1913. The export of high-grade Florida pebble is, however, 
increasing. é 

The Florida pebble ports are about 5,600 miles from Hamburg 
and 6,700 miles from Trieste. The normal ocean freights range 
from $3.50 a ton to Hamburg and Trieste to $4.50 a ton to Baltic 
ports. 

The cost of producing Florida phosphate has risen during the 
last few years, but there are great opportunities for reduction in 
cost. The prices in 1925 f.o.b. mines averaged about 20 per 
cent less than in 1912 and 1973. 


PHOSPHATE UNDER BritTIsH CONTROL 


Ocean, Nauru and Makatea islands, in the Pacific Ocean, and 
Christmas Island, in the Straits Settlement, all under British con- 
trol, produce, together with Anguar and Curacao, the highest 
known grade of phosphate. These phosphates analyze from 80 
per cent to 88 per cent tribasic phosphate of lime and contain less 
than 1 per cent of iron and alumina. 

The islands of the Pacific group (including Christmas Island) 
produce about 700,000 tons of phosphate annually. A large part 
of the output of these islands was formerly sent to Europe. The 
distance from these islands to European ports is so great, how- 
ever (from 10,000 miles to 15,000 miles), and the ocean freight 
rates are therefore so high ($7.50 to $9.50 a ton) that these 
phosphates are gradually being replaced in Europe by high-grade 
rock from Florida, Morocco, and Curacao, all of which are closer 
at hand. Consequently the quantity of Pacific phosphates taken 
by Europe has fallen from 319,000 tons in 1913 to 82,000 tons in 
1925. ‘These phosphates are, however, finding a constantly in- 
creasing market in Australia, New Zealand and Japan, which are 
much closer at hand. 

In Ocean and Nauru islands we see again, as in Morocco, the 
direct intervention of Government in the mining of phosphates. 
As the result of the World War, Ocean and Nauru islands were 
mandated to Great Britain, and notwithstanding the principle of 
the open door of economic opportunity for all, the mines are being 
directly operated by and for the benefit of the governments of the 
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United Kingdom, Australia and New Zealand, which deliver the 
product to their respective countries at cost and sell the surplus 
output elsewhere at the best price obtainable. Because of the 
great distance to market, however, Great Britain is not receiving 
any of this material. 

The British also control the production in Egypt. The mines 
are within short distances (15 to 20 miles) of the ports of Safaga 
and Kosseir, on the Red Sea. The production is about 80,000 
tons a year and the rock contains from 63 to 68 per cent of tri- 
basic phosphate of lime. The principal market is Japan, the ocean 
freight to which is about $4.25. 


MARKETS 


The largest consuming country is the United States, but as all 
the raw phosphate used here is of local production it is not nor- 
mally a real factor in the international phosphate market. Europe 
is the chief battle ground, and I will outline briefly the situation in 
the principal countries. 

France is by far the largest consumer of phosphates in Europe, 
having taken more than a million and a half tons last year. About 
go per cent of the superphosphate produced in France is of low 
grade and is manufactured mainly from Algerian and Tunisian 
rock. The remaining 10 per cent is of high grade and was for- 
merly made principally from high-grade Florida pebble but is now 
made from Moroccan rock. In 1913 France took 136,000 tons of 
Florida pebble; last year it took 145,000 tons of Moroccan rock 
and only 3,300 tons of Florida pebble. France gets a preferential 
price on phosphate from the French North African mines in 
Algeria,Tunis and Morocco. 

Italy is the next largest market, having taken last year 871,000 
tons of phosphate. She produces mainly lower grades of super- 
phosphate, from Algerian, Tunisian and some Egyptian rock. For 
the higher grades last year some 48,000 tons of Moroccan rock and 
20,000 tons Florida pebble were used. 

In Spain slightly more than half the superphosphate produced is 
of high grade. Last year, for the higher grades, Spain took 108,- 
ooo tons of Florida high-grade pebble and 145,000 tons of Mo- 
rocco phosphate and for the lower grades about 200,000 tons of 
Algerian and Tunisian rock and some Egyptian. 
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Holland and Belgium manufacture chiefly a product of low 
grade. For this the Algerian and Tunisian rock is most largely 
used, and for the higher grade, Morocco, Florida pebble and occa- 
sionally some Curacao or Pacific rock. 

The central European countries manufacture mostly a 16 to 17 
per cent water-soluble product, and generally look upon Florida 
pebble with much favor. 

Germany and the Scandinavian countries manufacture mostly 
18 per cent water-soluble superphosphate. A larger percentage of 
high-grade rock is used in these countries than anywhere else. 
Pacific rock, which formerly had a firm foothold in these terri- 
tories, has to a large extent gradually given way to Florida pebble 
and Morocco and Curacao stock. It is in these countries that 
Florida hard rock now finds practically its only market. Germany 
took more than a million tons of phosphate in 1913, but only 490,- 
000 tons in 1925. 

In the United Kingdom the superphosphate industry has been 
for a few years and still is in a very depressed state. Because of 
the lower cost of labor and the depreciation of the currency, Bel- 
gium, France and to some extent Holland can sell superphosphate 
in the United Kingdom at a price that British manufacturers claim 
is less than the cost of manufacture in Great Britain. In 1913 
the United Kingdom took altogether 473,000 tons of phosphate 
rock, of which 150,000 tons was Florida pebble and 25,000 tons 
Florida hard rock. In 1925 the United Kingdom consumed 384,- 
000 tons, of which only 35,000 tons was Florida pebble, none hard 
rock, 35,000 tons Moroccan phosphate and the rest, as before, 
chiefly low-grade Algerian and Tunisian rock. 

A very important factor in the competition between Florida 
phosphates and French North African phosphates in Europe is the 
ocean freight. The rates for shipping Moroccan, Algerian and 
Tunisian phosphates to European ports range from $1.00 to $2.50 
a ton, according to the destination, and fluctuate very little from 
year to year. This fact enables the French North African miners 
to sell for delivery a considerable time ahead, which they do, 
often selling large quantities as far forward as ten years. Freight 
rates for Florida pebble now range from say $3.50 to $4.50 a ton 
to European ports and often fluctuate materially. For example, a 
year or so ago, within a period of eight months, freight rates on 
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Florida pebble to Hamburg were increased from $3.00 to $4.70 
a ton. 

Japan manufactures chiefly 15 per cent superphosphate, but 
some 19 per cent and 19% per cent. The low-grade requirements 
are filled by Florida pebble, by 66 to 68 per cent Rasa Island (be- 
longing to Japan) and other small islands near at hand, Egyptian 
and occasionally some Algerian and Tunisian rock. The high- 
grade requirements are, of course, filled by Anguar, Christmas 
and Pacific islands. 

The Australian and New Zealand requirements are normally 
filled entirely by phosphate from Ocean, Nauru and other Pacific 
islands. 

South Africa imports a substantial amount of its superphos- 
phate, but is making rapid progress in the manufacture of this 
form of fertilizer. 


TRADE TENDENCIES 


Phosphate rock, though an absolutely essential commodity, is, 
fortunately for the world, a low-priced article and should be con- 
sumed or converted as near to the point of production as possible. 
The growth of new areas of consumption and production is has- 
tening this world tendency. Pacific phosphates are being con- 
sumed in the Pacific, North African phosphates are being con- 
sumed almost exclusively in Europe. The United States still has 
producing capacity in excess of its consuming capacity and will 
probably continue to export its product to Europe and other 
countries for many years. In order to stabilize conditions in the 
phosphate market in Europe, France, confronted by her responsi- 
bilities to her colonies of Morocco, Algeria and Tunis, when de- 
prived of the advantages to her export trade that flow from a 
depreciating currency, may determine that the time is ripe to con- 
voke a conference of parties interested in the production and sale 
of phosphate. World consumption is bound to grow rapidly, al- 
though it is at present retarded by widespread conditions unfavor- 
able to agriculture. 
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THE INFLUENCE OF TECHNOLOGY ON THE 
ECONOMICS OF PHOSPHATE ROCK 


By Joun T. Burrows 


HicH GRADE OF Rock A PRIMARY REQUISITE TO SUCCESSFUL 
PRODUCTION 


The technology of the industry has thus far played a relatively 
unimportant part in determining the degree of exploitation in the 
fields developed; rather the grade of the rock (that is, its content 
of phosphoric acid), the character of the beds, and the accessibility 
of the deposit to world markets have controlled exploitation. 
Grade is of primary importance; character of deposit, governing 
as it does the cost of production, comes next, and then distance 
from markets. As the chief competitors in the severe struggle 
for the European market for high-grade phosphate, Florida land 
pebble and Moroccan phosphate are now claiming first attention. 
The products of other active fields cannot be disregarded, but 
each of these fields is limited in its influence on the world market 
by political and other artificial conditions. 


Ocrantc Istanps Contain H1cH-GrapE PHosPHATE Rock 


Nauru and Ocean Islands, the largest producers of the Pacific 
and Indian Ocean group, are among the notable competitors. The 
quality of the phosphate from these islands is particularly high, 
the rock shipped consistently averaging over 85 per cent of tri- 
calcium phosphate. The deposits lie only a few inches below the 
surface and are easily worked. The phosphate occurs in beds that 
lie between coral pinnacles and are worked to a depth of 20 to 30 
feet. The phosphate is mined as a whole and is then dried and 
shipped without concentration. Native hand labor js employed in 
mining, but a combination of steam and electric transportation is 
used to convey the phosphate from the mines to the vessel. Con- 
sidering the large percentage of phosphate recovered and the 
slight overburden, these deposits, in view of their high grade and 
the low cost of production, should be able to compete with any 
others in the world. Their output so far has been limited by the 
difficulty of water transportation, the vessels employed being com- 
pelled to load in an open roadstead, During inclement weather the 
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vessels lying at the loading berths must slip their moorings and 
put to sea. These interruptions, one of which may cause a delay 
of several days, have naturally resulted in high ocean freights and 
have seriously affected the competition of these phosphates in 
world markets. If a supply of cheap labor is assured, perhaps no 
improved methods of mining these deposits may be expected in the 
near future, but cheaper and more reliable loading facilities are 
contemplated, if not already provided. At present the steadily 
increasing demands of Australia, New Zealand and Japan are 
absorbing practically all the output. High-grade rock, attractive 
mining conditions, and cheaper loading and transportation might 
conceivably tempt the management to reach out for a part of the 
more distant markets. As Australia’s proprietary and economic 
interests are involved, she will probably make strenuous efforts 
to develop her own domestic market and find a place at home for 
any normal increase in the output of these islands. In fact, car- 
goes of high-grade Florida pebble are now moving to Australia, 
which must indicate a shortage of Pacific Island phosphate rather 
than a favorable difference in price. 


Tunis Makes LARGE OUTPUT 


Regardless of the inferior quality of its rock (58 to 63 per cent 
tricalcium phosphate), Tunis stands next to the United States in 
production and, combined with Algeria, leads the United States 
in annual output by more than 600,000 metric tons. The deposits 
of Tunis and Algeria are similar, one in fact being a continuation 
of the other, and are being exploited at several places by nearly a 
dozen operating companies, three of which furnish more than 
85 per cent of the marketed total. 

Here we find a low-grade product furnishing practically 42 per 
cent of the world’s requirements. This fact would appear to be 
a clear refutation of the statement just made that grade is of first 
importance. It must be realized, however, that nearly 70 per cent 
of this output is delivered to the neighboring Mediterranean 
states. Price concessions to France, the largest customer, and 
cheap water transportation assure these operators a market from 
which they will not be easily dislodged. Apparently, however, 
they are not relying solely on this artificial support. Rock which 
has heretofore been mined, dried and shipped in its crude state is 
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now being washed with some improvement in grade. Other im- 
provements in technical processes and mechanical efficiency are 
being adopted. Transportation and loading facilities are receiving 
attention. These improvements will strengthen their position in 
the increasingly intense struggle for the European trade. Even 
if they do retain the larger part of their present market, the low 
grade of the current product, even with improved facilities, will be 
a serious handicap in any efforts to increase their shipping radius. 
Therefore, unless they obtain higher concentration or bring into 
production their unexploited high-grade reserves, it is doubtful 
whether they can make further expansion. 


Morocco Is DispLracInGc UNITED STATES AS A SOURCE OF 
PHOSPHATE FOR EUROPE 


In spite of the greatly increased European demand for high- 
grade phosphates during the last few years, the imports of these 
grades into Europe from the United States, West Indies and 
Pacific Islands have either decreased or remained stationary. Mo- 
rocco, on the other hand, has increased her exports to Europe 
from 8,000 tons in 1921 to an expected total of 900,000 tons in 
1926. 

Costs in Morocco are on a parity with those in Tunis and 
Algeria and transportation charges to leading ports and ocean 
freights thence to European consuming points are about the same. 
This phenomenal growth, then, may be attributed chiefly to the 
quality of the product. The beds that are now being developed 
test about 75 per cent of tricalcium phosphate and less than 1 per 
cent of iron and alumina. As the veins lie at an average depth of 
80 to 100 feet below the surface they are worked by tunnels 
driven directly into them. The full thickness of the bed is taken, 
the miners working with pick and shovel. Blasting is required 
only when limy areas are encountered. The waste amounts to 
about 6 per cent which, with the 1 per cent loss occurring when 
the rock is dried and screened, leaves a very high percentage of 
recovery. 

As it comes from the ground the rock contains 16 per cent of 
moisture, which is reduced to 3 per cent at the central drying 
plant. By screening both before and after drying, the low-grade 


limy or clayey material is removed and the quality of the rock is 
raised about 1.5 per cent. 
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Excellent transportation facilities and the size and permanency 
of the facilities at the mines and at the port of Casablanca show 
the spirit in which the French are developing this field. The pres- 
ent drying facilities have a capacity of 1,000,000 tons a year, which 
will be increased to 1,500,000 tons by the end of 1928. The exist- 
ing storage bins at the mines and at Casablanca and those under 
construction will ultimately accommodate 240,000 tons. New 
loading facilities will permit the loading of four vessels at one 
time with a combined loading rate of 800 tons an hour. 

Notwithstanding this aggressive policy, it is becoming more and 
more difficult to increase the output. Mining is being gradually 
carried farther underground and away from the plant, labor is 
difficult to obtain and scarcity of water presents a serious problem. 


PHOSPHATE PRODUCTION IN THE UNITED STATES 


Except for an interval during the World War, American phos- 
phate producers have been able to market a fair proportion of 
their output in foreign countries. From the time of the develop- 
ment of the deposits of phosphate rock in South Carolina, in 1867, 
until about 1888 this country furnished 90 per cent of the world’s 
supply of phosphate rock. Up to that time, South Carolina made 
the entire production of the United States. In 1888 Florida 
entered the field with a production of 3,000 tons. Six years later 
Florida marketed 527,000 long tons and took the lead from South 
Carolina. 

Phosphate was discovered in Tennessee in 1893, and by 1899 
the production of this State also surpassed that of South Carolina. 
The peak of production in Tennessee was reached in 1907, when 
638,612 long tons were shipped. Since that date the annual out- 
put has remained fairly level at about 400,000 tons. 

The advent of Florida and Tennessee phosphates marked the 
beginning of the decline in South Carolina, and the output from 
that State gradually fell, until in 1912 it amounted to only 100,000 
ton and in 1922 ceased altogether. Florida, with an annual out- 
put of about 2,500,000 tons, which is 85 per cent of this country’s 
production, continues to hold the lead over other States. Here 
again we find grade the chief factor, although location and the 
cost of production have contributed largely to this shift to the 
Florida product. 
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GRADE OF PHOSPHATE Rock MINED IN THE UNITED STATES 


Carolina rock tests 53 to 65 per cent-tricalcitum phosphate, the 
average grade produced during the years of activity being ap- 
proximately 60 per cent. During the early years of mining, when 
this field practically had a monopoly of the industry, low grade 
was not a barrier to ready sale, but upon the discovery of the 
Florida River pebble, followed closely by the development of the 
hard rock deposits in Marion County and the land pebble deposits 
in Polk County, Carolina phosphates entered upon a period of 
severe competition, which eventually ended in total suspension. 
The Florida River pebble miners likewise found the low grade of 
their product (60 per cent of tricalcium phosphate) a handicap, 
and by 1908 the exploitation of these river deposits had practi- 
cally ceased. Because of its high contents of phosphoric acid and 
its low content of iron and alumina Florida hard rock found 
instant favor with the foreign buyer and has ever since been 
highly regarded. This high quality (78 to 80 per cent of trical- 
cium phosphate) has enabled it to bear relatively heavy trans- 
portation charges and consequently it has been sold almost exclu- 
sively abroad. At the same time, the high cost of production has 
prevented it from entering into domestic competition. Because of 
the premium easily obtained from the foreign buyer, this export 
trade for a time was profitable, even when the cost of mining was 
at least 100 per cent higher than that in the pebble district. 


MetHop oF Mintnc Harp Rock PHOSPHATE 


The limited extent and pockety nature of the hard rock deposits 
have generally precluded the erection of the expensive modern 
plants and equipment necessary to economical mining. The rock 
is mined by first removing the overburden, which varies consid- 
erably in depth and therefore determines to a large extent the cost 
of mining. Scrapers, steam shovels or hydraulic pumps are used 
for its removal, and the rock thus exposed is mined either by hand 
or by dredging. The average percentage of the rock in the matrix 
probably can be set at 15 per cent and the percentage of recovery 
compared with the total yardage handled, including overburden, at 
8 per cent. This low recovery is due to some extent to the large 
amount of low-grade phosphate that is wasted in the effort to 
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turn out a high-grade product. At the larger workings, after the 
rock leaves the mine, the treatment is not essentially different 
from that in the pebble plants. The rock is crushed, washed free 
from all waste and dried in mechanical dryers. 

In view of this similarity in treatment and the fact that an 8 
per cent net recovery is not unusual in the pebble field, the great 
difference in the cost of production between the two fields can be 
attributed largely to the expensive method of extraction employed 
in the hard rock mines. 


Prices oF Harp Rock PHOSPHATE 


In 1908 hard rock sold for as high as $10.00 a ton at the ports, 
but in 1910 prices had declined to $7.50 for the same grade and 
the operations at many mines were discontinued. Pacific Island 
phosphates were reaching Europe in large quantities and the peb- 
ble miners of Florida had begun to offer grades testing up to 75 
per cent tricalcium phosphate. Hard rock production fell from 
646,000 tons in 1907 to 440,000 tons in I9I0 and then remained 
fairly level until the World War, when it practically ceased. 
There was a period of recovery in 1919 and 1920, then another 
decline, until in 1925 the shipments amounted to only about 150,- 
ooo tons. With cheaper methods of extraction this field might 
again become a producer, but the known reserves are not large and 
it is doubtful whether the outlook is attractive enough to tempt 
the capital necessary for improvements. 


PHospHATE MINING IN TENNESSEE 


Phosphate rock was first discovered in the blue rock fields of 
Tennessee in 1893. Mining began in 1894, but exploitation in 
these fields was eventually suspended in 1896 after the discovery 
of the brown phosphates of Maury County. At intervals since 
that time efforts have been made to revive activities, but only one 
blue rock mine is now in operation. However, since the reserves 
of commercial grade (68 to 72 per cent of tricalcium phosphate) 
are fairly heavy and the mining costs are reasonably low, the 
eventual resumption of operations in the blue rock field may be 
expected. 

Tennessee brown rock occurs in three varieties, grading from 
the dense, grayish lump rock ( 76 to 82 per cent tricalctum phos- 
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phate) down through the cellular rock, looking somewhat like 
brown sandstone (72 to 76 per cent), to the lowest grade of soft 
blackish brown “muck” (72 per cent and lower). In the early 
days only the first two were mined, the muck or sand being dis- 
carded as waste. A considerable quantity of rock of higher grade 
was exported from 1896 to 1907, 90 per cent of it moving through 
the port of Pensacola, Florida. About in 1907 the development 
of shipping facilities at the ports serving the Florida mines, 
coupled with the establishment of stricter demurrage rules in 
Tennessee shipments, made further exports of Tennessee rock 
impossible. 

In spite of the primitive methods employed in mining it, Ten- 
nessee rock was for many years mined and sold at a surprisingly 
low price. The lump rock was extracted from the outcrops by 
pick and shovel, hauled to the dry yard, dried on kilns, again 
loaded on wagons and hauled to the railroad (some for a distance 
of two miles), broken into pieces and loaded into cars, all at a 
cost of from 65 to 85 cents a long ton. At times during the first 
few years 75 per cent rock sold for as low as $1.10 a ton f.0. b. 
cars at the mines. In 1899 the price had risen to $3.00 a ton but 
it subsequently declined, owing to the effect of the Boer war on 
shipping. By 1906 prices had again recovered and 75 per cent 
rock brought $4.50 at the mines, not very far from the present 
price. 

At that time it was often predicted that the Tennessee brown 
rock fields would become exhausted within fifteen years. Methods 
had changed but little since the discovery, although some of the 
more enterprising producers had begun to use narrow-gauge rail- 
roads instead of wagons, and a small part of the rock was washed 
before drying. Experiments by different companies, started in 
1907, soon resulted in the recovery of most of the “sand” that 
had been wasted. The modern sand-washing plant is the result 
of persistent experiment, most of the refinements having been , 
devised during the ten years beginning with 1909. The more 
efficient of these plants save material so fine that it will pass a 
screen with 10,000 openings to the square inch. 

Drag-line excavators are now universally used for stripping 
the overburden, and in many places for extracting the matrix. 
Improved recovery alone has several times prolonged the life of 
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the field, the sand formerly discarded representing fully 75 per 
cent, by weight, of the deposit. This additional recovery, coupled 
with cheaper removal of the overburden, has been the means of 
keeping Tennessee a competitor in the market. Where machines 
are used the cost of mining has also been cheapened, but by far 
the greater part of the output is still mined by hand. This form 
of mining is necessitated by the character of the deposit, much of 
the rock lying in “cutters” too narrow to permit the employment 
of machines. Since rgro all items of the cost of operation have at 
least doubled and the processes have become much more elaborate, 
yet the actual increase in cost of production, excluding royalty 
or depletion, amounts to only about 80 per cent. 

The Tennessee reserves of high-grade rock, however, are fairly 
well depleted and its market is therefore beoming more and more 
restricted. The gradual lowering of the grade, resulting in a 
higher cost per unit of phosphoric acid delivered, coupled with 
a cost of production nearly double that of Florida, is cutting off 
its outlet to the South. It is also affected by the demand for 
high-grade acid phosphate in the middle West, which cannot be 
produced in the ordinary plant with the remaining average grade 
of either blue or brown rock. Except as the deposits are ex- 
hausted, this field, because of its location, will never be entirely 
eliminated as a competitor in the domestic trade, but if it is not 
to suffer further curtailment of output the miner must find some 
means of obtaining higher concentration of the rock in its crude 
state or must market the phosphoric acid in some other form. 


PHOSPHATE MINING IN FLORIDA 


Owing to their extent, regularity of occurrence, uniformity of 
grade and low cost of production, the land pebble deposits in 
Florida have easily maintained the lead in this country’s produc- 
tion of phosphate rock. The estimated reserves amount to 250,- 
000,000 tons, grading from 66 to 78 per cent of tricalcium phos- 
phate. The overburden, consisting principally of sand and clay, 
ranges in depth from six to thirty feet and is stripped, in most 
places, by hydraulic methods, although electric drag-line excava- 
tors are used by some of the operators. The face of the deposit 
is then undercut by hydraulic monitors, the matrix thus loosened 
being washed into sumps and thence delivered to the washing 
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plant through pipes by one or more electrically driven dredging 
pumps. 

In the washers the phosphate pebbles are separated from the 
waste, washed free of all clay and then thoroughly screened and 
rinsed before moving on to the wet bins. Usually the washers 
are placed at some distance from the central drying plant, and 
elaborate systems of transportation must be maintained to deliver 
the rock to the dryers. The rock is dried in cylindrical rotary 
dryers, each having a capacity of from 12 to 15 tons per hour. 
The larger pebble mines have storage facilities for 40,000 to 60,000 
tons of dry rock and compensating wet storage generally capable 
of holding four or five months’ production. 

Improvements in technology are seldom adopted voluntarily. 
The phosphate industry provides no exception to this rule. The 
general plan of mining Florida pebble is essentially the same now 
as in 1900. Under the stress of competition among themselves, 
the miners have found it necessary to offset the increasing depth 
of overburden and the increasing cost of fuel and labor by build- 
ing modern power plants, installing labor-saving devices wherever 
possible and improving the mechanical efficiency of their general 
mining equipment. Although the cost of labor, fuel and supplies 
have increased nearly 70 per cent since 1913, the direct cost of 
producing a ton of pebble has increased only about 30 per cent. 
This improved showing is the result of the changes already men- 
tioned plus the employment of larger mining units, capable of 
delivering a larger daily tonnage without an increase in personnel. 
However, the devices used in concentration are practically the 
same as those used twenty years ago. 

With the exception of the hard rock field in northern Florida, 
the poorest recoveries are obtained in the pebble district, whereas 
in Morocco, Algeria, Tunis, Nauru and Tennessee the percentage 
of recovery is much higher. Although no practical plan for pre- 
venting this waste has been devised, recoveries have been slightly 
increased by the use of finer and more efficient screens and. the 
addition of supplemental washers for reworking the tailings. The 
phosphate recovered under present methods will probably average 
25 per cent of the weight of the matrix. Assuming, then, that 
the marketed product averages 32 per cent of phosphoric acid and 
the waste piles 10 per cent (which I believe is a moderate esti- 


INFLUENCE OF TECHNOLOGY ON ECONOMICS OF PHOSPHATE 123 


mate), the Florida pebble miners are wasting approximately 50 
per cent of the phosphoric acid in the deposits. One or two 
mining companies have obtained an increase in grade by calcining 
their rock, but this process is accompanied by objectionable fea- 
tures, for the resulting product, because of the destruction of 
calcium carbonate, introduces technical difficulties in the manu- 
facture of acid phosphate. The new triple-superphosphate plant 
at Tampa, Florida, appears to be a step in the right direction, for 
it utilizes phosphates of grade so low that they are of little com- 
mercial value as such; but it is perhaps too early to form com- 
petent judgment as to the success of the venture. 

As matters are today, Florida pebble stands preeminent in the 
growing domestic market, and there is little chance that any for- 
eign producer will offer effective competition. This security may 
pass with the exhaustion of the higher grades. These same high 
grades are today helping Florida to maintain a foothold in Europe 
and to find at least a temporary outlet in the newer markets of 
South Africa and Australia. In view of the aggressiveness of the 
Moroccan operators and the favor with which their phosphate has 
been received, the outlook for trade in Europe is none too bright 
for the American miner. Although the Florida pebble operator 
has managed to hold his own for the last few years, we cannot 
overlook the fact that Morocco during the same period has had 
no difficulty in finding a ready market for every ton of her rapidly 
growing output; in fact she has sold against an even greater out- 
put for the next four years. The end of the high-grade Florida 
pebbie deposits is nearer than many realize, and without the aid 
of improved technique to lower cost or to give higher concentra- 
tion, the foreign market already contracted, will be closed and 
domestic outlets alone will remain. This prospect constitutes a 
challenge, which will undoubtedly be met by the more progressive 
producers. 


Bic RESERVES OF Low-GrapvE Rock May Br Exptorrep 


During the war nitrogen, one of the three principal elements of 
fertilizer, was the object of intensive scientific study. This study 
directed attention to the production of phosphoric acid, and it is 
confidently expected that earnest and intelligent research will 
soon lead to the more efficient utilization of the phosphate depos- 


124. MINERAL RAW MATERIALS FOR FERTILIZER INDUSTRY 


its of this country. When this is accomplished the tremendous 
reserves of low-grade rock, in both Florida and Tennessee, a 
great part of which can be mined at low cost, will be available 
for making low-priced phosphoric acid, which may again open 
the foreign market, this time for a manufactured product to take 
the place of phosphate rock. 

The industry is undoubtedly approaching a turning point in its 
course, but where the new road will lead no one can yet say. 
Many factors enter into the problem, any of which can be affected 
by the sudden and successful termination of some experimental 
work. However, the present trend of the industry and that of 
its principal patron, the fertilizer industry, tempts us to visualize 
a future with three great acidulating or reducing centers, one in 
Florida, one in Tennessee, and the third near the great phosphate 
beds of the West. 
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INTRODUCTORY REMARKS ON SULFUR 


By CuarLes H. MacDoweELu 


We have discussed at some length the world situation in respect 
to phosphate. It is important now that we should inquire what 
the situation is in respect to sulfur, that raw material which is 
needed to render phosphates available for use as fertilizer. Some 
sulfuric acid is produced as a by-product of various smelting oper- 
ations, but throughout the world the larger proportion of it is 
manufactured from either brimstone or pyrite. 

In the very early days of the fertilizer industry brimstone was 
the main raw material for sulfuric acid, but gradually pyrite 
became a greater and greater source of sulfur, particularly as 
mechanical furnaces were developed which permitted the burning 
of fines. In many parts of the world pyrite practically replaced 
brimstone in making sulfuric acid, and in the United States in the 
decade preceding the war probably at least 75 per cent of the 
primary fertilizer acid was derived from pyrite. With the decline 
in the price of brimstone after the war, due to the competitive 
exploitation of the American sulfur deposits, the pendulum swung 
in the opposite direction, particularly in the United States. Today 
in the United States by far the larger amount of primary fertilizer 
acid used is made from brimstone. Conditions now, however, are 
again changing. Owing to the decreasing production of brimstone 
and the increasing demand for it in other industries than the 
manufacture of sulfuric acid, the price of this material is rising. 
It is probable that pyrite will again be used here in increasing 
amounts. 

Both brimstone and pyrite are important articles in international 
trade. The United States and Italy compete for the world markets 
for brimstone. A working agreement has been made, dominated 
by the American group because of their cheaper production. Will 
this state of affairs persist? What are the known brimstone 
reserves both here and abroad? Will other sources of brimstone 
be developed? 

Spain is probably the greatest producer of pyrite. Many local 
sources of this material are known the world over. How does 
the world production of pyritic sulfur compare with that of brim- 
stone in quantity and price? 

Efforts are frequently being made to replace sulfuric acid by 
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other agents for the production of available phosphates. To what 
degree will these efforts succeed in replacing acid and therefore in 
supplying the fertilizer requirement for sulfur? In Germany they 
are substituting gypsum (calcium sulfate) for other material as a 
source of sulfate in preparing sulfate of ammonia for use as fer- 
tilizer. Gypsum there is even now being used in a small way to 
prepare sulfuric acid. Will these practices become general or are 
they merely highly localized devices designed to meet special eco- 
nomic conditions? There is much food for thought here. 

From Mr. Aldridge we may now hear about the present sulfur 
situation and the future prospects. 
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SULFUR IN WORLD TRADE 


By Wa ttTer H. ALDRIDGE 


Sulfur is not an uncommon mineral, nor is it a new one. In 
fact, it would be difficult to point out the first reference to it in 
literature. Therefore, the period in which its peculiar properties 
were first utilized and application made of them cannot be defi- 
nitely stated. We do know, however, that it found its place in the 
religious rites and in the medicine of the pre-Christian era. Rec- 
ords show its application in bleaching linen as far back as 2,000 
B.C., and the Latin writers describe its use in warfare about the 
time of the Caesars. In fact, a discussion of the qualities ascribed 
to sulfur and the part it played in the transition from old alchemy 
to modern chemical engineering would furnish the text for an 
interesting volume. 

However, the history of sulfuric acid, in the manufacture of 
which about 50 per cent of the world’s brimstone is used, is not 
only more definitely known but may be said to have a closer rela- 
tion to the matters with which we are here concerned. Its manu- 
facture antedates our time by many centuries. The Arabs, for 
example, are supposed to have distilled sulfate of iron to make 
sulfuric acid during the ninth century, A.D., an accomplishment, 
however, that is seriously doubted by many authorities. We have 
proof that it was known before the thirteenth century, and that 
two centuries later Basil Valentine manufactured it from sulfur 
and saltpeter. His product was so much purer than the earlier 
one that he cannot be condemned for believing it a different sub- 
stance. The French claim that D’Artigues, in 1793, was the first 
to make acid from pyrites, but the English are firm in the belief 
that this was the accomplishment of Hill, in 1818. German and 
Belgian chemists experimented with a view to using smelter gases 
in 1855, but it was not until forty years later, at LaSalle, Illinois, 
that a commercial unit was operated for this purpose. In 1906 
copper blast furnaces first became a factor in the manufacture of 
sulfuric acid. 

Beginning as a laboratory curiosity, sulfuric acid has become, 
in a very short time, a determining factor in human progress. Eco- 
nomists study the trend of its manufacture and use and attach to 
it an importance second only to coal and iron. It seems to follow, 
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therefore, that the study of sulfur as the necessary raw material 
of sulfuric acid should be of profound interest. Its availability, 
the world’s resources, the quantity consumed, and the uses to 
which it is put in industry accordingly deserve more than a per- 
functory treatment. 

The question how much sulfur there may be in the world is 
naturally more academic than practical. For example, bulletin 
616 of the United States Geological Survey estimates that about 
one-eighth of 1 per cent by weight of the earth’s crust is sulfur, 
and that eleven other elements occur in greater quantity. Putting 
it in another way, there are about sixty-six times as much alumi- 
num as sulfur, thirty-seven times as much iron, twenty times as 
much potash, one and one-half times as much carbon, and about 
an equal quantity of phosphorous. These figures include the ele- 
ments in all their chemical combinations, and in considering sulfur 
it is safe to say that only a very small proportion occurs in its 
elemental state. That which occurs as brimstone, in commercial 
or semi-commercial quantities, will be found in one of three geo- 
logical classes: 

t. Solfataras, in which the sulfur is presumably the result of 
the interaction of H,S and SO,, as in the deposits in Japan and 
Sicily. 

2. Mineral springs, in which it is formed from the incomplete 
oxidation of H,S; as in the deposits at Cody, Wyoming; Cove 
Creek, Nevada, and Sulphur Bank, California. 

3. In association with gypsum or anhydrite, as in the salt 
domes of Texas and Louisiana, in Sicily and Italy, at Conil, 
Spain; and at Cracow, Poland. It is believed that the gypsum in 
this type was reduced by bituminous matter, and that subsequent 
oxidation resulted in the deposition of sulfur. The following 
series of reactions is conceivable: 


CaSO,+ 2C + CaS +2 CO, 
Ca S + CO, + H.O — Ca CO; + H.S 
The mines of Japan and Chile are the only ones of the solfatara 
type that are of commercial importance. Those of Japan produce 


about 35,000 long tons yearly, and those of Chile produce 10,000 
tons, all of which is used in the producing countries or in adja- 
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cent territory. Apparently their cost is so high that they cannot 
compete in the world market. 

Sicilian brimstone for many years dominated the sulfur indus- 
try, a fact that we can best appreciate if we remember that it has 
produced to date more than half the world’s total output of sulfur. 
The mines have been operated for hundreds of years, but the 
greatest part of their output, as might be expected, has been made 
in comparatively recent times. In fact, the first material produc- 
tion was made in 1820, when about 18,500 tons were mined. The 
subsequent production, in long tons of 2,240 pounds, was roughly 
as follows: 


IPinaGlnoack jorere ier IESE ee 2,000,000 
Hromet SSO ctor leis tone 8 een eee oe 4,200,000 
Ligaen MIO es 4) ee 10,000,000 
Iason RUNNY ine) TSP a ee a 10,000,000 


The effect of the discovery of the salt domes of Louisiana and 
Texas on Italian supremacy in the sulfur market can be pictured 
if we compare this total of about 26,000,000 tons with the 22,- 
000,000 tons mined in the United States, practically within the 
last quarter of a century. All other countries have together pro- 
duced probably not more than 2,000,000 tons. 

The story of the rise of the United States sulfur industry is no 
doubt familiar to all of us, but the present state of the world’s 
sulfur industry is strikingly brought home to us when we remem- 
ber that since 1918, 82 per cent of the world’s total output of 
brimstone has come from four salt-dome deposits of the Gulf 
Coast. Italy’s 16 per cent and the 2 per cent furnished by Japan 
and Chile, though representing large tonnages, seem small in 
comparison. 

Increased production and increased supply of raw material 
should go hand in hand, so it is appropriate that, in addition 
to being the largest producer of brimstone, the United States is 
its largest consumer. The quantity produced and the diversity of 
uses together bring out both these phases of our industrial 
position. 

Sulfuric acid, as would naturally be expected, is by far the big- 
gest user of brimstone, and in addition draws upon pyrite, as well 
as on the product of the copper and zinc blast furnaces. An esti- 
mate of the distribution of the uses in the United States of the 
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total acid obtained from all sources (of which about 7,000,000 
tons of 50 degrees strength are at present used annually), reduced 
to long tons of sulfur, gives an idea of its far-reaching influence: 


Explosives; al. 2 ==. ee ee eee ee 35,900 
Gr GUO Sis ae 394,000 
Petroleuty ee. eee ee ae ene ee eee 296,000 
Steel pickling’ =-.224 eee ee eee 140,000 
Textilés obs s) en eee ea ee eee 22,000 
Pi gr ein teen ee oes ee ee eee a 38,000 
Storage batteries and metallurgy______________ 132,000 
SACU ATU CLOTTING El beep ee ae a eee er 206,000 
Miscellancolges: 262 siete eels eee 83,000 

1,346,500 


Almost 70 per cent of this sulfur is in the form of brimstone 
and the remainder is almost equally divided between pyrites and 
smelter gases. In addition, however, the United States uses al- 
most 300,000 tons of brimstone yearly for making sulphite pulp, 
for agricultural sprays and for making rubber and countless other 
commodities. 

This distribution differs radically from that in the rest of the 
world, as is shown by the following table giving percentages of 
acid used for certain purposes: 


United States Foreign 
Agriculture, grinding and refining_____________ 5 27.30 
Paper sr Sete 2 Pe oe See eee eee eee eee 15.30 32.05 
Acid and “chen ¢3)) Sa ee 70 34.59 
MM SCéll ane GUS ha caec eo ten ee ahs pre ee ae 9.70 6.06 


100.00 100.00 


Consumption has kept pace with production, so that the increas- 
ing yearly withdrawal of sulfur has naturally aroused a question 
as to the reserves of brimstone. Perhaps the best answer to this 
question may be found in Mineral Industry, Volume 32, page 635, 
where the situation in the United States is described as follows: 


The developed tonnage of sulfur cannot be stated with the same degree 
of positiveness as in the case of ore “blocked out” in a mine or quarry, but 
a reasonable estimate is 30,000,000 long tons. This does not take into con- 
sideration the possibility of other discoveries in the future. That such dis- 
coveries will be made is an almost assured fact, for the coastal salt dome 
area, incompletely tested for oil, is even less thoroughly prospected for sulfur. 
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Assuming that this estimate is reasonably correct, it is interest- 
ing to compare it with the figure already given for the world’s 
production to date—that is, approximately 50,000,000 tons. 

It should be added, however, that millions of dollars are being 
expended in prospecting for new sulfur deposits, and although 
these efforts may not succeed in locating a dome similar to that at 
Gulf, Texas, or that at Sulphur Mine, Louisiana, it is very im- 
probable that they will fail to find suitable deposits. It must be 
expected, however, that the cost of operating desirable deposits 
will exceed that now incurred. 

During the last two years the shipments of sulfur in the United 
States have exceeded the production. To meet commitments it 
has been necessary to draw upon surface reserves to the extent of 
750,000 tons, but it seems probable that for the present year this 
process will be reversed and that, as a result of increased produc- 
tion, some stocks will be accumulated. It is, of course, too early 
to give a reliable estimate of the world’s production and shipment 
of sulfur in 1926, but the indications are that the production will 
exceed 2,000,000 tons and that the shipments will be about 1,800,- 
ooo tons. Accordingly, the stocks of sulfur in the world will 
probably exceed 2,000,000 tons, of which over go per cent will be 
in this country. 

The normal growth of the sulfur-consuming industries has 
naturally resulted in an increased use of brimstone, but the rela- 
tive decrease in the use of pyrite as a source of sulfur has con- 
tributed to that increase. A resumé of the competitive relations 
of these two materials will bring out this point. In the early 
stages of our industrial development—say from 1865 to 1890—50 
to 100 per cent of our sulfuric acid was made from brimstone, 
but from 1890 until the beginning of the war the percentage fell 
to less than 4 per cent. The low price of pyrite aided in making 
this change, but the attitude of the Anglo-Sicilian Company in 
endeavoring to maintain its monopoly of sulfur helped by driving 
many plants to the use of pyrite. The effect of the war was to 
start a swing back to brimstone, so that in 1919 the amount of 
acid made from brimstone had jumped to almost 50 per cent. 
Since 1919 the development of the salt-dome deposits at Gulf, 
Texas, has resulted in a further swing from pyrite, a fact that is 
brought out in recent statistics, which show that the acid made 
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from crude sulfur in the United States is about 68 per cent of the 
total acid manufactured. 

The effect of this increase in the use of brimstone and of the 
exhaustion of one of the big deposits has been an excess of ship- 
ments over production, necessitating the withdrawal of brimstone 
from accumulated stocks to meet commitments. This condition, 
which extended over the years 1924 and 1925, has resulted in an 
increase in the price of brimstone. It has been suggested that the 
strengthening of the market thus brought about may cause the 
ultimate withdrawal of the sulfuric acid and possibly the sulphite- 
pulp industry from the brimstone market, but a study of these 
industries fails to confirm this suggestion. 

One of the benefits bestowed on the sulfur industry by the war 
was a liberal education in the advantages of brimstone over pyrite, 
particularly in the two industries just mentioned. These advan- 
tages still exist and will continue to exist, even if the cost of brim- 
stone should exceed the cost of sulfur in pyrite by several dollars 
aton. The present average net cost of brimstone to consumers is 
still considerably below the pre-war cost, and should the producer 
discount entirely the direct and indirect advantages of using brim- 
stone, it is doubtful whether a change would effect a material 
saving except at certain points on the seaboard or at plants within 
a short rail haul from such ports. Even at such plants the price 
of brimstone would probably have to be higher than the pre-war 
price to cause a transfer to pyrites. 

A factor that tends to offset, in part at least, the increased cost 
of brimstone is the rapid improvement in transportation facilities 
for brimstone. The use of barge service on the Mississippi and 
Warrior rivers and of the carriers on the Great Lakes are indica- 
tions of this improvement. At many places the saving made pos- 
sible by water haul is obvious; and at others, say, for example, a 
plant in Chicago, the difference between the all-rail rate and cost 
of transportation through Galveston, Hudson River, New York 
State Barge Canal, and the Great Lakes, is so slight that the 
determining factor is the existence or non-existence of a switching 
charge at the points of destination. 

In similar fashion progress is being made on the Intercoastal 
Canal, which will eventually connect Corpus Christi with New 
Orleans, When this canal is completed brimstone may be loaded 
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on barges at the mine and moved without transfer up the Missis- 
sippi and Ohio rivers into the Pittsburgh district, or up the War- 
tior River into the center of the southeastern fertilizer territory. 

These are important developments, but although they tend to 
keep down the cost of delivering brimstone, they naturally are not 
the controlling influences on its price. The competition between 
producers prevents any big change in the price level, but while 
the production is as large as it is at present, the world’s price of 
pyrite, if it does not actually determine the price of sulfur or sul- 
furic acid, exerts a great influence on the sulfur market. lf; for 
example, the price of brimstone should reach a level higher than 
that of pre-war times the result would be to bring into the market 
large quantities of pyrite from present producing centers and in 
addition would make possible the working of many deposits of 
noncuprous pyrite that cannot now compete with brimstone. 

These factors are natural safeguards against the possibility of 
exorbitant prices for brimstone. In fact, the present indications 
are that the brimstone producer must either be satisfied with mod- 
erate prices or must face a return to the conditions that existed 
between 1905 and 1911, when the average production of this coun- 
try was about a quarter of a million tons as against 450,000 tons 
for Sicily, a marked contrast with the condition at present, when 
the United States, with its annual production of about .1,800,000 
tons, will mine more than seven times as much sulfur as Sicily or 
all Italy. 
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SULFIDES AS RAW MATERIAL FOR SULFURIC ACID 
By A. D, Lepoux 


Sources OF COMMERCIAL SULFURIC ACID 


Sulfuric acid can be produced from several materials, but those 
of principal economic value are sulfides and elemental sulfur. 
Commercial acid is derived from pyrite (bisulfide of iron), from 
elemental sulfur (brimstone), and, as a by-product, from gases 
produced in smelting or roasting copper and zinc ores. 

Of the sulfides, those of iron—pyrite and pyrrhotite—are of 
principal value. The chemical formula for pyrite (FeS, ) indi- 
cates that it contains 53.33 per cent of sulfur and 46.67 per cent 
of iron, but the commercial mineral always contains varying 
amounts of other ingredients, which reduce the sulfur content to 
a total ranging from 30 to 50 per cent. For general use 45 per 
cent is usually considered the commercial minimum. Pyrite con- 
taining less than this percentage cannot be used unless its low 
content of sulfur is offset by some favorable condition. 

Like other raw materials, only sulfides that can be mined and 
transported to points of consumption at low cost can be utilized. 
Those that have a low sulfur content or some other detrimental 
or disadvantageous feature will not bear the cost of long trans- 
portation; they can be used only at or near points of production. 
They cannot be used until the more readily available sulfur mate- 
rials become greatly reduced in amount or are exhausted. Pyr- 
rhotite, a monosulfide of iron, is among these materials. Pure 
pyrrhotite contains 39.5 per cent of sulfur, but commercial pyr- 
rhotite may contain only 30 per cent. It yields its sulfur under 
heat but not readily unless it is finely crushed. 

Another sulfide of iron is marcasite, which is found mostly in 
coal and in carbonaceous slate and is known to coal miners as 
“mundic” or “coal brasses.” It is, of course, detrimental to coal, 
and it is picked out of coal that contains much of it. A very 
considerable quantity could be produced in certain bituminous coal 
fields, but it is difficult to free it completely from carbonaceous 
matter. In the manufacture of sulfuric acid such matter is con- 
verted to carbon dioxide, which takes up chamber space, reducing 


the production of acid, and increases the consumption of nitrate 
of soda. 
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Another sulfide is chalcopyrite, an ore of copper that is gen- 
erally associated with iron pyrite. Chalcopyrite is not used com- 
mercially as a source of sulfuric acid. 

Gypsum, a sulfate of lime, is also a source of sulfuric acid. It 
occurs in great quantities throughout the world, but its content of 
sulfur is very low and is difficult to segregate. It will not bear 
transportation but must be used at or near the deposit. Only two 
plants are making acid from gypsum, one in England and one in 
Germany. Both were erected as war measures. Like pyrrhotite 
and marcasite, gypsum might be called a second line of defense in 
sulfuric acid making. Until such a line is needed—probably in a 
century or two—pyrites will be the chief sulfide generally used as 
a source of sulfuric acid. 


SPANISIt DEPOSITS OF PyrITE LARGEST IN THE WorRLD 


Pyrite is distributed widely throughout the world, but it occurs 
at only a few places in quality and quantity sufficient to justify its 
commercial exploitation. Some large deposits lie far from points 
of consumption or are without transportation facilities, and other 
large deposits may yet be found in unprospected regions. The 
bodies from which the world is mainly supplied are in Europe. 

All countries contain deposits of pyrite and other sulfides but 
none that can compare in extent with the vast deposits of south- 
western Spain, which are measured in miles. In the Spanish 
province of Huelva the sulfide area is said to be twenty-five miles 
wide by fifty miles long, and it continues some thirty miles into the 
Province of Savilla. Sulfides are found also in Portugal, near its 
eastern border. 

References in ancient literature and relics of past work, found 
mostly at the Rio Tinto mines in Spain (by far the largest of the 
deposits and the most extensively worked), indicate that mining 
was done there some 2,100 years ago. The Roman mining imple- 
ments found are of metal, but hammers, wedges, and drills of 
stone have been unearthed, and the use of these must have con- 
siderably antedated the Roman occupation. It is believed that 
the Phoenicians mined these deposits, next the Carthaginians, then 
the Romans, then the Spaniards, and finally the English. 

The metals sought in mining were undoubtedly gold and silver. 
Copper, which is more abundant, was also produced. Enormous 
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slag dumps, running into millions of tons, were piled up in these 
ancient operations, showing how long rather than how extensively 
the work must have been carried on by the primitive methods 
of these early workers. Modern operations at the Rio Tinto 
mines have disclosed numerous shafts, tunnels, and chambers of 
old workings, and it is interesting to note that the chambers con- 
tained ore of the highest grade, apparently showing that the an- 
cients had some means of divining their existence and position. 

Commercial Spanish pyrites contains an average of 47 to 50 per 
cent of sulfur. Huelva, about thirty miles from Rio Tinto, is the 
principal shipping port. There the largest producers have con- 
structed their own railway terminals and docks, designed espe- 
cially to facilitate quick loading. Vessels coming from the Medi- 
terranean are generally light, and as Huelva is close to their line 
of passage they can easily stop for cargo and proceed without loss 
of much time, so that the freight rate is reasonable. Deliveries 
of pyrite from mines in European countries in 1925 show their 
comparative output, as follows: 


PYRITE MARKETED FROM MINES IN EUROPE IN 1925 


Country No. of Mines Metric Tons Per Cent 

Sp ery pe ee eS ee eee Ly 2,436,650 56.70 

Portugalite: =) Se ae eee 3 2135176 4.96 

Scandinavia) === eet ee eee iG 670,248 15.60 
Germany, Greece, Italy, Cyprus and 

Trance 6 ee er ee ee $0) 677,524 22.74 

‘Total 24. 2 eee 31 4,297,597 100.00 


The product of these mines was widely distributed—to France, 
Belgium, Holland, Germany, Denmark, Norway, Sweden, Lithu- 
ania, Poland, Czecho-Slovakia, Austria, Hungary, Jugo-Slavia, 
Switzerland, Italy, Spain, Portugal, Greece, United Kingdom, 
Africa, and the United States. Of the 2,436,650 tons shipped 
from Spanish mines, 1,255,960 tons (more than half) came from 
the Rio Tinto mines alone. The remainder was shipped from 
about sixteen other mines. Of this pyrite 364,465 tons were 
shipped to the United States and about 4,000,000 tons to Europe. 


Wor.p’s RESOURCES OF PYRITE 


Before the World War sulfuric acid was produced almost 
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entirely from sulfides. During the war Europe continued to 
make acid principally from sulfides, but after we entered, it be- 
came necessary to conserve vessels, and in 1918 the importation of 
pyrite into the United States, except a small quantity, was pro- 
hibited, elemental sulfur produced in this country being substi- 
tuted. Since that time sulfides have remained the principal source 
of supply in Europe. In the United States sulfur remains the 
principal raw material for making acid. 

The estimated duration of the known European bodies of 
pyrite is between a hundred and two hundred years, and as they 
are within easy reach of the acid makers, a market for their raw 
material is assured for many generations. In the United States 
the situation is very different. Although we are blest with vast 
resources we are very deficient in deposits of sulfides of commer- 
cial value. For some years before we entered the World War we 
imported about a million tons of pyrites annually. The highest 
output of domestic pyrites we ever attained was 482,662 tons, 
which was produced in 1917 under war pressure. In 1925 we pro- 
duced 170,298 tons, of which 96 per cent was mined in California 
and Virginia, and probably two-thirds or more of this was mined 
and used in California. 

Our resources of pyrite were disclosed clearly during the war, 
when the whole country was thoroughly combed for it under 
Government encouragement. Many small bodies were found and 
worked, but their combined output was far below our needs. 
Probably half of the 482,000 tons produced in 1917 was mined 
and used in the Far West. Most of our sulfuric acid is made and 
used east of the Mississippi River, in the Atlantic Seaboard States, 
and it is in this part of the country that pyrite is most deficient. 
Though nearly all the States in this eastern region contain depos- 
its of pyrite they are very small and are usually of low grade as 
mined, so that the ore must be concentrated before shipment. 


PRODUCTION OF SULFURIC ACID IN THE UNITED STATES 


About 6,850,000 short tons of sulfuric acid of 50° Bé. were 
produced and used in the United States in 1925. Of this quantity 
about 1,100,000 tons were produced by copper and zinc smelters 
as by-product acid. Fertilizer manufacture consumes the largest 
part of this acid. Petroleum refining comes next. Then chemi- 
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cals, steel products, explosives, paints and pigments, and so on. 
The largest bodies of pyrite in the East are in Virginia, and at 
one time they produced more than 200,000 tons of ore a year, but 
they have been worked to a great depth and are now closed down, 
like all other pyrite mines along the Atlantic seaboard. The Mid- 
dle West has larger bodies of pyrite of higher grade, but they are 
inadequate to meet the needs of the East. There are still larger 
deposits of good ore in the Far West, and these are sufficient to 
supply the needs of the Pacific Coast for a long time, but this ore 
is not available for use in the East because of the distance and 
the consequent high cost of transportation. 

Among the lower-grade materials that I have called our second 
line of defense we have some large bodies of pyrrhotite in the 
East, mostly in Virginia and Tennessee. One plant at Pulaski, 
Virginia, uses this ore. Some marcasite separated from coal in 
certain districts could be made available. Gypsum occurs in large 
bodies at many places. 

By-product acid is coming into greater use through the necessity 
of condensing smelter fumes. This operation, which was at first 
a hardship, has now become a source of considerable commercial 
acid, the production of which is likely to increase. Most of the 
smelters, however, are in the Far West, and the transportation of 
this acid to the East would be difficult and costly. 

There are some fairly large bodies of pyrite in Canada near the 
shore of Lake Superior and some smaller deposits farther east. 
Ore from these bodies was imported during the war and a few 
years after, but its sulfur content is generally low, say 30 to 35 per 
cent, and will not permit its use very far south of the American 
shores of the Great Lakes. Cuba contains some pyrite, but it is 
not now being mined. It may amount to three to four million 
tons, but it would not supply us more than a year or two if it 
should become necessary to rely on sulfides almost entirely for 
making acid. 

In conclusion I may repeat that Europe will be provided with 
adequate high-grade sulfides for generations to come and that the 
United States is now deficient in this material. Our population is 
constantly growing, and with its growth the need for sulfuric acid 
is increasing. In 1914 the production of 50° acid was 4,200,000 
tons. In 1918, the last year of the war, the production was 8,300,- 
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ooo tons. The program for 19109, if the war had lasted, was for 
9,600,000 tons. 

The production in 1925 of 6,850,000 tons shows an increase of 
63 per cent over 1914. If this increase represents normal indus- 
trial growth we might expect a similar increase in the future to 
supply a continually growing demand for acid-making material. 
Figuring roughly we may divide the output of acid in 1925 as 
follows: 


BeeOtriec tis Ure Se Ce sO E te ee a St ee Pe 4,810,000 
By Breuuc aciie = ash Fhe itl ete 1,100,000 
Vrom doreigm pyrite 22.9 600,000 
Biron demesticopyritew oo ee 340,000 

ABE OS 9 ca = rant he tn ye tod Ee a rh 6,850,000 


This statement gives a comprehensive idea of the relation that 
the output from sulfides now bear to the total output. It must, 
however, be remembered that although commercial domestic sul- 
fides are insufficient, those of Europe are also available here in 
sufficient amount to meet any demand, and at reasonable cost. 
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INTRODUCTORY REMARKS ON NITROGEN 
By Cuartes H. MacDowELi 


We meet today to discuss the nitrogen situation. There is no 
question that very much more nitrogen is removed annually from 
the soil by our crops than is returned to it by any means. Nitro- 
gen is essential to plant growth. It influences particularly the 
jeafy structure. For much verdure there must be much nitrogen. 
Yet it should be used with great discretion. A proper balance 
must be maintained among the phosphate, potash and nitrogen 
contents of our fertilizers for a rapid, vigorous, healthy growth 
and plentiful fruition. 

Nitrogen is the most expensive ingredient of commercial fer- 
tilizer, and it is derived from more sources than the other plant 
foods. In the early days of the fertilizer industry organic sources 
contributed nearly all the nitrogen. Peruvian guano, dried blood, 
slaughter-house tankage and bones were the main materials. To 
these were later added seed meals, garbage tankage and synthetic 
tankages. But the demand long ago outstripped the supply of 
these materials. The production of guano has dwindled. The 
better grades of blood, tankage and cottonseed meal are in great 
demand in the feed business. The fertilizer industry has come to 
rely chiefly on inorganic materials for its supply of nitrogen. 

The first great source of inorganic nitrogen to be tapped for 
the fertilizer industry was the Chile nitrate fields. In pre-war 
days Chilean nitrate furnished the greater part of our inorganic 
nitrogen. That condition has now been changed. Rising costs of 
production and increased ocean freights call for improvement in 
technology and revision of export taxes if the Chilean nitrate 
industry is to thrive in the face of active competition from by- 
product and synthetic ammonia. 

Oxidized forms of nitrogen, such as nitrates, supply a real need 
in agriculture. They act more intensively than the other forms of 
nitrogen. Chilean nitrate is the natural source of oxidized nitro- 
gen, but ammonia may be oxidized to furnish nitric acid and 
nitrates. An unrestricted supply of nitric acid is requisite for 


military preparedness, and so national security is vitally related 
to the supply of nitrogen. 
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Sulfate of ammonia is now a very important fertilizer raw 
material. The main source of this substance in the United States 
is by-product ammonia obtained from coke and gas plants. From 
a heavy importer of this material in pre-war days, the United 
States has become an exporter of its present appreciable surplus. 
As the war stimulated by-product recovery in general, by-product 
ammonia will continue to be a factor in the nitrogen situation. The 
advent of synthetic anhydrous ammonia in this country has had 
the effect of increasing the production of sulfate of ammonia, for 
much of the by-product ammonia which was once converted to 
anhydrous is now turned into sulfate. When will American syn- 
thetic ammonia be used in a large way for fertilizer purposes? 

In Europe, especially in Germany, enormous quantities of syn- 
thetic ammonia find their way into fertilizer materials. Germany 
now has a production capacity of 600,000 tons of fixed nitrogen a 
year. She is a dominant factor in the world’s nitrogen trade. 
From the largest importer of nitrate in pre-war days she has 
become entirely self-contained in respect to nitrogen and is prob- 
ably, after Chile, its greatest exporter. 

New forms of fertilizer nitrogen made from synthetic ammonia 
are finding their way into the industry. Leunasalpeter (a double 
sulfate-nitrate of ammonia containing a larger equivalent of am- 
monia than the straight sulfate), calcium nitrate and urea (the 
most concentrated ammoniate we know), are quoted on the mar- 
ket. Mono-ammonium and di-ammonium phosphate are to be 
had. Will phosphoric acid gradually replace sulfuric acid as a 
carrier of fertilizer ammonia? What part will these concentrated 
materials play in the future of the industry? Cyanamid still finds 
a restricted use as an ingredient of fertilizer. Will its use as a 
fertilizer material persist? 

The present trend of the price of sulfate is downward. What 
will be the lower limit? Will the price of nitrate follow in its 
wake, or will the output of Chile be curtailed? The economics 
of the nitrogen situation is complicated and is a fertile field for 
discussion. Asa start Dr. Curtis will make a survey of the world 
nitrogen situation. 
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THE WORLD’S SUPPLY OF FIXED NITROGEN 
By Harry A. CurTIS 


THREE PicturES SHOWING CHANGES IN NITROGEN SITUATION 


Some years ago we took a group of nitrogen facts of the year 
1913 and arranged them neatly with the big ones in the middle and 
the little ones marshalled on either side. This group we photo- 
graphed and labelled ““The Nitrogen Situation of 1913.” Next 
we assembled and photographed “The Nitrogen Situation of 
1918.” These two photographs were of much interest in that 
they revealed rather strikingly the great difference that five short 
years may make, even in a family of facts. Some that were little 
fellows in 1913 bulked much larger in 1918; some that looked 
robust and important in 1913 had shrivelled up and were of little 
significance in 1918. There were also a number of brand-new 
individuals in the 1918 picture, war babies presumably. These 
two photographs have been published in the technical journals, so 
we shall not take time to exhibit them today. 

Last spring we made a third photograph, which might be called 
“The Nitrogen Situation in 1926.” This also has been published, 
in the issue of The American Fertilizer for June 26. There is 
apparently nothing left for the present occasion except to present 
for your consideration a picture of what we think the nitrogen 
situation will be in 1931. Knowing the fate of prophets in their 
home land, we hesitate on such a course. The task is not without 
a certain attractiveness, however, for there will be no troublesome 
facts to arrange; moreover, accuracy is admittedly unattainable; 
and there remains the fortunate circumstance that if anyone 
doesn’t like our picture, he may make one of his own. 


AMMONIUM SULFATE IN 1931 


The production of ammonium sulfate has greately increased in 
the United States and in the world at large since 1913. All the 
ammonium sulfate produced in the United States is made from 
by-product ammonia, and the increase has been due entirely to 
the large quantity of coal carbonized. The total production of 
fixed nitrogen from coal in the United States in 1925 amounted to 
133,500 tons, calculated as pure nitrogen, or the equivalent of 
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about 667,500 tons of ammonium sulfate. Of this total, less than 
half was taken by our own fertilizer industry, the rest being taken 
by other industries or exported. We believe that the domestic 
production of ammonium sulfate or its equivalent will continue 
to increase, and that by 1931 it will reach about 165,000 tons ex- 
pressed as pure nitrogen or about 825,000 tons expressed as 
ammonium sulfate. 

Synthetic ammonia produced in the United States is already - 
driving a larger and larger proportion of the by-product ammonia 
into the fertilizer or export markets. This replacement will, we 
believe, continue until perhaps 75 or 80 per cent of all the by-pro- 
duct ammonia is taken by the fertilizer industry. 

In 1913 the United States was an importer of ammonium sul- 
fate, but by 1918 the domestic production was so large that ex- 
portation of the material began. The fertilizer industry is adjust- 
ing itself, however, to use more and more of the domestic supply. 
The peak of exportation was passed in 1923, when sulfate equiv- 
alent to 35,060 tons of nitrogen was sent out. Since then the ex- 
ports have fallen. In spite of an increased domestic production 
we expect to see less and less exported, a continued low price 
offering a strong inducement to the fertilizer industry to use the 
available supply. 

Perhaps by 1931 some one of the farmers’ many friends in 
Washington will have discovered that the domestic price of am- 
monium sulfate includes an import duty of $5.00 a short ton. 

When we turn to consider the world production of ammonium 
sulfate we must bear in mind that by no means all of it is now of 
by-product origin, a larger and larger share of it coming from 
synthetic ammonia. There will therefore be not only an increase 
due to the slowly expanding production of by-product ammonia 
but a much more rapid increase due to growth of the synthetic 
ammonia industry. The British Government is subsidizing the 
expansion of the Billingham plant, where practically all the syn- 
thetic ammonia produced is converted to sulfate for the export 
trade. The Germans are trying to introduce their new fertilizer 
salts into the world market, but they rely mainly on the market for 
ammonium sulfate to absorb their exportable surplus of fixed 
nitrogen. In time, no doubt, a considerable amount of the syn- 
thetic ammonia produced in the world will be combined with some 
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other carrier than sulfuric acid, for it is unfortunate that such 
huge quantities of this acid must be made and used as an ammonia 
carrier. There will be no time for any very radical changes in 
this respect before 1931 rolls around, however, for the quantities 
involved are too large to be replaced in so short a time. 

The price level at which ammonium sulfate has heretofore 
moved in the world market has been quite unrelated to the cost of 
its production. This condition was inevitable so long as all the 
ammonium sulfate was a by-product and moved in a market whose 
price level was determined by other nitrogenous materials, par- 
ticularly by Chilean nitrate. Nor was this economic relationship 
disturbed so long as the quantity of synthetic ammonium sulfate 
entering the market was relatively small. In the early part of 
1923, however, synthetic ammonium sulfate from the German 
plants began to come on the market in considerable amounts. The 
price of ammonium sulfate promptly declined and has remained 
at a lower level ever since. From now on the price of ammonium 
sulfate will be more and more completely determined by the cost of 
producing the synthetic product, and presumably this price will 
be lower than the old price. The beauty of this situation is that a 
consistently low price for ammonium sulfate will eventually drag 
down the price of Chilean nitrate, which has also been determined 
heretofore by factors other than cost of production. And so in 
the end agriculture may get nitrogen at production cost plus fair 
profit, a blessing which it has not yet enjoyed—not in the United 
States at least. 


CHILEAN NITRATE 


We expect to witness in this industry during the next five years 
at least the beginning of the breakdown of a system which has 
become obsolete. The whole organization and operation of the 
industry grew out of the fact that Chile had a monopoly on the 
world’s supply of nitrate. It was therefore possible to make 
enormous profits from the industry; it was possible for the 
Chilean Government to levy an export tax on nitrate which made 
this product carry from one-third to two-thirds of the total cost 
of the government; it was possible for the industry to run along 
year after year with wasteful methods in the plants, with anti- 
quated equipment, and with little or no scientific control of proc- 
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esses. By eliminating competition among themselves the pro- 
ducers were able to fix prices at which the most grossly incompe- 
tent among them could make a profit; whereas under normal 
conditions of industry the grossly incompetent are eliminated and 
cease vo burden the industry. 

All these things were possible so long as Chile’s monopoly held 
good. We do not wish to appear overcritical of the system or the 
methods, for they are perhaps what we must always expect when- 
ever accident or design ‘gives to any nation exclusive control of 
any commodity. The administration of the monopoly would 
probably have been no better, and might have been much worse, 
under the control of any other government. But now the monop- 
oly is ended, and with it must end the system built upon it. 
Chilean nitrate will not disappear from the market, not for an- 
other generation at least, but the present wasteful methods of 
extraction, the absurdly incompetent technology, the present bur- 
den of taxation, and the excessive profits must all go as the new 
air-nitrogen industry of the world forces on Chilean nitrate a 
competition which it has never before had to meet. The Chilean 
nitrate producers have this year made a 5 per cent reduction in 
the price of nitrate for the coming year. This is a step along the 
way which nitrate must travel, but it will by no means meet the 
contingency that will face the industry during the next five years. 


Tue Arr-NItrocEN INDUSTRY 


The air-nitrogen industry has already reached a point where it 
is producing more fixed nitrogen annually than is available from 
any other source. In fact, the producing capacity of the two 
large synthetic ammonia plants at Merseburg and Oppau are alone 
greater than the whole ordinary output of the Chilean nitrate in- 
dustry. During the next five years a larger and larger fraction 
of the world’s total fixed nitrogen will be supplied by the air- 
nitrogen industry. 

There are at least two lines of development along which much 
progress will be made during the next five years. One is that 
leading to the discovery of new and better carriers for agricultural 
nitrogen. Ammonium phosphate, urea, a new form of calcium 
nitrate, and Leuna saltpeter are already finding their way into 
the fertilizer market, and during the next five years we may 
expect others. 


146 MINERAL RAW MATERIALS FOR FERTILIZER INDUSTRY 


The other line of development will be followed more slowly, 
but work on it involves much of the destiny of the whole nitrogen- 
fixing industry. We refer to the co-ordination of nitrogen-fixing 
processes with other industrial processes in order to distribute the 
burden of fixed charges over several products in every factory. 
If, for example, the manufacture of ammonia can be co-ordinated 
with the synthesis of methanol and other products resulting from 
gas reactions catalyzed at high pressures, then the cost of produc- 
ing ammonia can be considerably lowered. There are many pos- 
sibilities in this field and in their realization lies the hope that we 
may get very cheap fixed nitrogen. 
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CHILEAN NITRATES IN WORLD TRADE 
By B. CoHEN 


PRESENT CONDITION OF THE CHILFAN NITRATE INDUSTRY 


After nearly a century of existence the Chilean nitrate industry 
stands now at the cross-roads of its future development. The keen 
competition of artificial nitrogenated fertilizers, which has been 
growing since the World War, is an ever-important problem, to 
the solution of which the producers of natural fertilizer are now 
devoting careful attention. I am not prepared to attempt an 
analysis of the problems of the nitrate industry, nor is it necessary 
for me to do so. They have been carefully studied by the dis- 
tinguished American experts, Messrs. H. Foster Bain and H. S. 
Mulliken, as part of the investigation of essential raw materials 
that was authorized by the United States Congress. A supplement 
to “Commerce Reports,” issued in January, 1924, as Trade Infor- 
mation Bulletin No. 170, which contains the results of their de- 
tailed survey of the Chilean nitrate industry, is available to 
everyone. Another highly interesting survey of the same subject 
has been made by the well-known technical chemist, a specialist 
in Chilean nitrate, Mr. J. Berkwood Hobsbawn, copies of whose 
report I will be very glad to furnish to all those who may be 
interested in it. 


Groups INTERESTED IN CHILEAN NITRATE 


The problems affecting the Chilean nitrate industry are of inter- 
est principally to three groups—the consumers, the producers and 
the Chilean people at large. I do not consider it necessary to 
point out that they also appear to interest the producers of syn- 
thetic nitrogen. 

Let us see what are the interests and the views of these differ- 
-ent groups: 

The Consumer is interested in getting the best grades of nitro- 
genous fertilizer at the lowest price. It does not matter where, 
how or by whom it is manufactured, so long as it gives the high- 
est results at the lowest expense. He is therefore an interested 
onlooker, whether he be in Egypt or in the United States. What- 
ever may be the outcome of the competitive activities of the pro- 
ducers, he is the only one to benefit by them. 
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The Producer: In a speech delivered by the President of the 
Chilean Nitrate Producers’ Association at the opening meeting of 
“Nitrate Week,” a conference held at Santiago by prominent men 
interested in the matter, we find the following remarks: 


I do not wish to quote figures on this occasion, but there are some which 
come to the fore by themselves and which I will recall without comment. 
In 1913, prior to the European War, nitrate supplied 54.7 per cent of the 
nitrogen used throughout the world, and it was sufficient to fill the needs of 
agriculture. Ten years later that figure was lowered to 32.2 per cent, and I 
greatly fear that the statistics of the following two years may show a still 
more adverse result. Meanwhile rival fertilizers—ammonium sulfate (whether 
obtained as a by-product or produced synthetically), cyanamid, calcium 
nitrate, etc.—which amounted to 45.3 per cent in 1913, now amounts to 
67.8 per cent——that is, more than two-thirds of the total demand. Thus we 
can explain why we fear in the course of this year the consumption of our 
product will not go beyond twenty million metric quintals, whereas the pro- 
ducing capacity of the industry can be estimated at fifty million metric 
quintals. Thus we can also explain why, in a total of 149 nitrate oficinas, 
only 68 are now under operation. 

It is a fact, which we cannot long ignore, and which weighs heavily on our 
shoulders, that while the world consumption of nitrogen shows progressive 
growth, nitrate does not get the proportion of this increase that it deserves— 
that is due to its splendid qualities as a fertilizer. 

The Board of the Nitrate Producers’ Association, and, I should say, all 
the producers, have pointed out at every opportunity the reasons that have 
produced this situation, which now approaches a situation fraught with 
danger. In the first place, we have the item of distance. We have to carry 
our nitrate for enormous distances, even to the very places where the com- 
peting nitrogenated fertilizers are manufactured and sold. Moreover, the 
European countries follow a policy of decided protection to industries, 
especially those like the nitrate industry, which are sources of nitric acid 
and are therefore indispensable for military uses. These countries stimulate 
and protect the production of synthetic nitrogen, but we could perhaps say 
that the Chilean nitrate industry has not had similar stimulation. Far from 
it. Not only has there been a desire to modify the bases of the export duties 
which were imposed immediately after the annexation of Tarapaca, when 
there was practically no other source of fertilizer in the world and when we 
practically enjoyed a monopoly which time has disposed of, but new burdens 
have been added to those already imposed, such as those originating from 
the labor and revenue laws lately enacted in a hurried way. I resort again 
to figures. According to a careful survey made a year ago the consequences 
of some of those laws on labor contracts, industrial syndicates and private 
employes have been to place an overburden on the industry of two pesos 
per metric quintal of nitrate produced—that is, more than fifty million pesos 
a year. This surcharge will grow still more with the further enforcement of 
these laws, and recent estimates have fixed it at 3.50 pesos per metric quintal— 
that is, more than eighty-eight million pesos per year. 
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I hardly need to repeat here what we have said on many previous occasions. 
The nitrate producers, who have more interest than anybody else in the pros- 
perity of their industry, have omitted no efforts to cheapen the cost of pro- 
duction in order to increase their markets. The sums which are spent for 
this purpose amount to several millions of pesos a year. No new process 
that offered any advantage has escaped the producers’ attention, and lately 
the association has brought scientists of prominence from Europe for the 
purpose of establishing an Institute of Scientific Research. We place great 
hopes on the work of this new department of the association and on the 
processes to be devised, which will be tested industrially by a powerful 
nitrate concern. But however great may be the success of any process, it 
would be illusory to expect that it will remove, by itself, all the dangers that 
threaten us. To introduce a new system of producing nitrate it becomes 
necessary to change the existing installations through slow and costly efforts. 

This is not the immediate solution, which is to be found in the cooperation 
of the producers and the State to reduce the price of nitrate. We must 
demonstrate to our competitors that, with the protection of the Govern- 
ment, the nitrate industry has the will and the means to hold its own. Other- 
wise we shall continue to lose ground in confronting the close competition 
offered by the synthetic nitrogenated products, so that the situation of the 
industry, which involves also—let us not close our eyes to the fact—the 
situation of the Government’s revenue and of all other industries of the 
country, will become, year by year, more difficult and more distressing. 

It will not be possible to reduce the price of nitrate if the export duty re- 
mains unchanged, for no one can reasonably pretend that the producers will 
struggle along by themselves and sacrifice the legitimate returns on their 
investments and their work. As I said before, the export duty dates back 
for nearly half a century, when the production of nitrate was in fact a mo- 
nopoly. The world production of nitrogen now greatly exceeds that of nitrate, 
and the monopoly that gave origin to the fixed export duty is nothing but a 
memory of bygone days. Furthermore, the export duty is—as was acknowl- 
edged by the Government’s Committee which studied the problem last year— 
unequal and unequitable ‘considering the different costs of production at the 
oficinas, whose nitrate beds are of different qualities and conditions,” a fact 
which lessens the value of nitrate lands with low-grade material and brings 
about the paralysis of many plants. 

The fixed enormous duty on nitrate exports, which was justifiable, or at 
least explainable, at the time it was imposed, is in no way adjusted to present 
conditions. Its very fixedness is today an assurance of security for the 
capital invested in the synthetic industry. On the other hand—and this is 
easier to say than to put into operation—the millions which the duty has 
produced for the Government should never have been considered ordinary 
revenue or have been applied to current expenditures of the administration. 
The most distinguished men who have governed the country, who did not 
ignore the fact that the revenue from nitrate was uncertain because of its 
very nature and could diminish or disappear some day, held the same view. 

Speaking as I do on behalf of the Chilean Nitrate Producers’ Association, 
I do not wish to present a picture which may unwarrantably alarm those who 
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have gathered here with a patriotic and praiseworthy purpose, to study the 
problems connected with nitrate. I will confine myself to submitting the out- 
standing data that indicate the importance of this industry in our national 
life and to pointing out the bearing which any dangerous position of the 
nitrate trade would have on the entire economic organization of the country. 

During the last year, 1925, the nitrate producers paid 255,223,880 pesos 
as export duties on nitrate and iodine and also a considerable amount, which 
cannot be exactly determined, on account of other taxes. The salaries and 
wages they paid during that year were approximately 250,000,000 pesos. 

Our agriculture and our other national industries have no better market 
than the nitrate zone, and nitrate thus contributes enormous amounts to 
the life of those activities. The labor population inhabiting the nitrate 
oficinas is estimated at 117,000, and there are, moreover, towns and cities 
of importance which have no other source of life than nitrate, and also cities 
where nitrate is one of the outstanding activities. All these put together 
represent a population of about 250,000. 

The facts I have pointed out are sufficient to sustain the conviction which 
I hold, and which I am sure is also yours, that the welfare and prosperity of 
the nitrate industry are closely bound up with the welfare and prosperity of 
all the other industries and activities of the country. 


FINDINGS OF THE CHILEAN NITRATE PRODUCERS’ ASSOCIATION 


The findings of the conferences held during “Nitrate Week” 
were summarized by Chili, a monthly survey of Chilean affairs 
published in New York, as follows: 


The causes that have determined the increase in the cost of production 
were looked into, and the conclusion was reached that the increase arises 
from the exhaustion of the richer ore, which forces the industry to spend 
more time and fuel in the treatment of the low-grade ores. To this original 
cost are added the ship and rail transportation bills for the long haul to the 
places where the Chilean fertilizer is sold to the foreign farmer. 

Still, a reduction in the production cost is not only desirable but impera- 
tive. To meet the competition of “‘artificial’’ nitrates the Chilean product 
must strive for new and more effective methods of extraction, so as to enable 
the industry to make profitable the exploitation of millions of tons of low- 
grade ore. In this line of research rather than in a change in the sales methods 
lies the solution of the problem the Chilean product is facing in the world 
market. Instead of abolishing the Sales Association of Nitrate Producers 
(the pool), the Government should revise the present system of export duty, 
substituting for it a tax based proportionally on the yield of the nitrate 
grounds and subjected to the price curve for the year. 

There is an urgent need, according to the conclusions, for scientific reor- 
ganization of the industry, elimination of waste, improvement in the means 
of transportation of supplies and of the finished product, laboratory study 
tending to increase the efficiency of fuel and heating plants. 
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The Conference expressed its wishes that the State University and the new 
Engineering School to be established with the Santa-Maria Endowment 
Fund should give their attention to finding better methods of extraction and 
ore treatment, as well as to a more extensive use of machinery in handling 
the material. 


The duties on foreign coal and oil, together with the Merchant Marine 
Law excluding foreign ships from coastal trade, were considered injurious to 
the interests of the nitrate industry, and their revision was recommended 
to the Government. 

Insufficient surveying of the fiscal nitrate-bearing ground having been 
ascertained, the assembly expressed the opinion that private enterprise 
should be encouraged to test virgin ground by a promise of substantial par- 
ticipation in the auction price of such land when disposed of by the State. 

Some of the participants in the Conference were of the opinion that the 
Government experts and inspectors in the nitrate fields, were, with few 
exceptions, inferior to the requirements of their offices. On the other hand, 
general satisfaction was expressed with the form in which the technical in- 
formation is given by the bureaus established abroad. 


FEATURES OF THE PRESENT SITUATION 


The Chilean people consider the nitrate industry one of the 
vital enterprises of their country. They believe that its prosperity 
and its crisis are reflected in the prosperity and the crisis of the 
country, for the very reasons set forth in the speech of the Chair- 
man of the Board of the Nitrate Producers’ Association here 
reproduced. 

But if this belief holds true to fact when the problem of the 
nitrate industry is viewed as a purely economic one, some excep- 
tions must be taken to widely repeated assertions when it is 
viewed in its relation to the Chilean Government. 

I will try to summarize some general facts: 

First: Although the export duty on nitrate has been the same 
since the late nineties, the increase in the foreign trade in this 
commodity during the last few years made this duty the Chilean 
Government’s largest single source of revenue and created the 
impression abroad that Chile’s budget was almost entirely depend- 
ent on the proceeds of its nitrate industry. Such a situation exists 
no longer, for the Chilean Government now relies upon the export 
duties on nitrate and iodine to defray less than 25 per cent of its 
expenditures. A complete readjustment of the financial organiza- 
tion of the country has established many new sources of revenue, 
such as the income tax and the super-tax, as well as other taxes 
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that have been imposed only in recent years because of an unsat- 
isfactory fiscal system. 

Second: The nitrate industry requires great improvement in 
order to lower the cost of production and to facilitate competition 
abroad. The gain made by increased efficiency in the process used 
for mining nitrates averages between 50 and 55 per cent. Tech- 
nologists have criticised the low percentage of profit in the nitrate 
industry as compared with that obtained in other mining enter- 
prises. An increase in efficiency is now eagerly being sought and 
may be achieved in the very near future. A complete moderniza- 
tion, or even an entire change of the prevailing system of exploita- 
tion, may be a consequence of experiments now being made by 
scientists and producers. 

Third: A readjustment of the commercial policies regarding 
nitrate is also possible within a short period. Several means of 
reducing expenses have been suggested and necessity will force 
the adoption of those that are found most efficient to achieve 
such an end. 

Fourth: The progress of agriculture throughout the world and 
the opening of new areas for cultivation in order to meet the 
demands of a growing world population will also open new mar- 
kets for nitrogenated fertilizers, and Chilean nitrates will most 
certainly hold their own in the struggle to supply these new 
markets. 

Fifth: The leading crops of the world remove from the soil 
much more nitrogen than phosphorous or potash, and unless this 
loss is restored soils will gradually become poorer and less and 
less productive. Therefore there will be an increasing need of 
nitrogenated fertilizers, which can not now be obtained rapidly 
and universally enough from the atmosphere. 

Sixth: The investment of new capital in the nitrate industry 
is also an indication of a brighter future. American investments 
have jumped from 2% per cent of the total to 7 per cent. A 
single newcomer into this field, the Guggenheim Brothers, has 
invested $34,000,000 and will work the nitrate-bearing lands by 
an entirely new process, which, it is claimed, may reduce the cost 
of production by about one-third. 

Because of all these reasons the Chilean people believe that the 


future of their vitally important nitrate industry need not be 
despaired of. 
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Committees appointed by the Government and by Congress are 
carefully studying the matter and their findings are expected with 
great interest. Whatever appears to protect all interests connected 
with this industry is freely and frankly discussed, and although 
the producers are campaigning for the immediate reduction of the 
export duty as the easiest way to meet competition, a large ele- 
ment of public opinion demands that the Government shall not 
yield to these suggestions until it has been clearly proved that 
even by applying better and more efficient systems in the plants 
it is not possible to compete in world trade. 


DEPOSITS ARE LARGE AND INVESTORS ARE WELCOME 


Before concluding I will make two further remarks: 

First: The Chilean Government never held and does not hold 
any monopoly of nitrates. Even Chilean capital does not enjoy 
such an advantage, for, although it constitutes the largest per- 
centage of the investments, the field has always been open to 
every one wanted to co-operate in the growth of the industry. 
Therefore it is not fair to ascribe monopolistic activities to a 
government that derives only a part of its income from the in- 
dustry and that seeks the furtherance of the world trade in 
nitrates. All those who have thoroughly studied the organization 
of the nitrate industry and the aims and purposes of the Nitrate 
Producers’ Association and the Chilean Government’s relation 
to them will substantiate the truth of my assertions. 

Second: The oft-repeated misstatement of Sir William 
Crookes as to the probable exhaustion of the Chilean nitrate de- 
posits by 1928, or at some near date, has been instrumental in 
preventing foreign capitalists, especially Americans, from entering 
the field of Chilean nitrate production. The estimates of the 
remaining resources differ widely; the most pessimistic indicate 
reserves that will last about a hundred years more at the present 
average rate of production; the most optimistic amount to as 
much as three centuries. 

Before closing this summary, which offers nothing new to the 
distinguished experts gathered around this table, I wish to state 
that those who are interested in the Chilean nitrate industry, or 
those who are looking for new fields of endeavor and of invest- 
ment, are cordially welcomed to Chile, where they can feel assured 
of co-operation from the Government and the people. 
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THE TECHNOLOGY OF CHILEAN NITRATE 
By P. MAYER 


A description of the technology of Chilean nitrate in a confer- 
ence such as this will be difficult if it is designed to present to the 
members of the conference any new feature or aspect. It is hard 
to believe that a technology which has remained practically un- 
changed for the last fifty years can be unknown to those here 
present. It has been described so often and in so much detail that 
its essential features must be known to every one who is interested 
in the production of nitrogenous raw materials, and it seems fair 
to assume that all of those present are. In spite of my belief, 
however, that the technology of the industry is probably known 
to all of those present, I will outline briefly its main features. 


EXTENT AND GENERAL FEATURES OF THE DEPOSITS 


Broadly speaking, the most remarkable fact in the technology 
of Chilean nitrate has been the extent to which Providence has 
favored it, first, by providing a raw material from which impuri- 
ties are easily separable and, second, as a result of the first, by 
making possible the use of a process of great technical simplicity, 
one that can be used practically without change even though the 
grade of the raw material has declined since the early days of the 
industry from an average of approximately 50 per cent of sodium 
nitrate to the present-day average of from 16 to 17 per cent. 

The nitrate deposits occur in the arid desert of northern Chile, 
in fields that are distributed over a strip extending some 400 miles 
from north to south and ninety miles from east to west, although 
no single field exceeds thirty-five miles in width. The deposits are 
found in five main fields, which center about the ports of Iquique, 
Tocopilla, Antofagasta and Taltal. They occur generally on the 
eastern slopes of the coast range at elevations ranging from 4,000 
to 7,500 feet. 

The deposits are irregular in both horizontal and vertical ex- 
tent, are exceedingly patchy, and vary greatly in thickness, ranging 
from thin seams up to beds measuring as much as thirty feet. 
Their average thickness is between three and four feet. 

In practically all places the nitrate-bearing material of commer- 
cial grade is covered with an overburden of varying thickness, 
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consisting, first, of loose, barren material, and, second, of a harder 
material carrying small amounts of sodium nitrate, say from 3 to 5 
per cent. Below this material lies the nitrate ore proper, known 
locally as “caliche,” which may contain as much as 30 per cent or 
as little as 10 per cent of sodium nitrate. Today the occurrence 
of 30 per cent material is rare, although in the past material con- 
taining as much as 50 per cent or more of sodium nitrate has been 
worked. Material containing as little as 10 per cent cannot be 
worked economically by present methods. Below the “caliche” 
lies a layer of salts, which occurs within the caliche but which 
contains practically no sodium nitrate and is usually mixed with 
pebbles ; and below this lies a characteristic layer of loose, damp 
earth, usually containing little if any nitrate. 


MeEtTHop oF MINING 


The material is now mined entirely by hand; no preliminary 
stripping is done to remove the overburden, but a hole is drilled 
by hand from the surface through the overburden, caliche and 
underlying layers until the bed rock is encountered. The hole is 
then enlarged and the bowl-like cavity thus formed is filled with 
locally made black powder of inferior grade, tamped and fired, 
the blasting breaking down not only the caliche but all the barren 
overlying and underlying material. The material is then sorted, 
cleaned and broken by hand and stacked in piles of even rectangu- 
lar section. In some places an attempt is made to stack the mate- 
rial according to grade. 

This method, which is based on the early practice of trying to 
avoid low-grade material, is exceedingly wasteful. Fine material 
is invariably left behind, irrespective of its grade, and material 
of low grade, even though it may be workable if mixed with the 
material of higher grade stacked, is also lost. It has been esti- 
mated that of the total nitrate in the broken caliche 15 to 25 per 
cent is left in the field, no attempt being made to transport it to 
the recovery plant. 

The material is usually carried to the recovery plant in trains 
of small cars hauled by light locomotives, although in some places 
the old practice of transportation by carts or by a combination 
of carts and railroad cars is still adhered to. The car used carries 
from three to five tons. 
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Before considering the method of recovery, or, as it is known in 
Chile, the “elaboration method,” a word should be said of the 
chemical composition of caliche. This material, which, as has 
been said, contains an average of 16 to 17 per cent of sodium 
nitrate, is essentially a matrix of insoluble earthy material, which 
may range from a slimy clay through sand to coarse gravel or 
pebbles cemented by a mixture of soluble salts. These salts, ex- 
cept the sodium nitrate, consist principally of sodium chloride and 
sodium sulfate but include small quantities of iodates, borates, and 
perchlorates, as well as small quantities of other bases, such as 
potassium, calcium and magnesium. 


METHOD OF EXTRACTING THE NITRATE 


The method used for recovering the sodium nitrate is based on 
the relative solubility of sodium nitrate, sodium sulfate and so- 
dium chloride in solutions containing all three of these salts. The 
technique of this method was devised as early as 1809 and consists 
fundamentally of the following three successive steps: 


1. The selective solution of the salts, particularly the nitrate. 

2. The separation of the salts thus dissolved from the insoluble 

material, 

3. The separation, by selective crystallization, of the nitrate 

from the other salts in the solution. 

The hand of Providence, mentioned earlier in this paper, here 
comes prominently to the forefront. It so happens that both 
sodium chloride and sodium nitrate have points of maximum 
concentration at temperatures well below the boiling point of the 
solution; in fact, under these conditions sodium chloride has a 
constantly decreasing saturation point with increasing tempera- 
ture, whereas sodium sulfate reaches its maximum concentration 
at a temperature of about 35° C. Consequently, when a solution 
saturated at atmospheric temperature with the three principal 
salts of caliche is heated to the boiling point, or say, to 105° C., 
in the presence of fresh caliche no further sodium chloride is 
dissolved and only relatively small amounts of sodium sulfate, 
whereas large amounts of nitrate are free to enter solution. When 
this solution is withdrawn from the treated earthy material and 
allowed to cool there is a consequent crystallization of sodium 


nitrate but practically little if any crystallization of the two other 
salts. 


TECHNOLOGY OF CHILEAN NITRATE D7, 


It is on these facts that the method of recovery now employed 
in Chile is based. The caliche as transported from the field is 
crushed to lumps measuring two to three inches across and is 
charged into iron tanks having a capacity of from sixty to seventy 
tons. These tanks contain coils of steam piping through which 
steam under low pressure is passed to heat the solution. 

The cycle of treatment is, in theory, counter-current, the fresh 
caliche being treated with a nearly saturated solution and the 
nearly spent material treated with mother liquor from the crystal- 
lizing operation, the counter-current series usually involving four 
or five charges. 

After the mother liquor has been applied the material is sub- 
jected to a rough washing, consisting of adding sufficient water 
to displace the mother liquor and to compensate for losses due to 
evaporation and other causes. The most nearly saturated solution 
is then withdrawn from the tanks and run into a large settling 
tank to remove suspended slimes, usually by the addition of flour 
as a coagulating agent. From this tank the solution is run into 
shallow iron pans, where it is cooled in the open for about a week, 
or until the sodium nitrate is crystallized. At the end of this time 
the mother liquor is withdrawn and the nitrate is allowed to drain 
and is passed to the storage yard and stacked, in order to allow 
further drying by evaporation. 

As finally shipped from this yard the material contains about 
95 per cent of nitrate and small quantities of insoluble material, 
sodium sulfate, sodium chloride and moisture, the sodium sulfate 
and sodium chloride being due principally to the evaporation of 
the mother liquor while it is in the storage yard. 

The nitrate is then packed in jute sacks, each holding about 
eighty kilos, and is shipped by rail to port, where it is loaded into 
lighters and delivered alongside ship, at which point the nitrate 
producer loses title to the product. 


Process EmMpiovep Is [NEFFICIENT 


Technically, the process outlined above is fundamentally weak. 
As stated, the technique was worked out many years ago and was 
devised for the treatment of raw material of very high grade. 

The tailings from the process of treatment, as found on the 
dumps, contain an average of not less than 5 to 6 per cent of 
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nitrate, and consequently, as the average content of nitrate in the 
caliche is from 16 to 17 per cent, the average recovery does not 
exceed 65 per cent. By combining this loss with the estimated 
loss in mining (from 15 to 25 per cent) we can see that of every 
ton of nitrate in the unbroken ground the industry recovers and 
markets not more than half a ton. 

This exceedingly low recovery is undoubtedly due to the fact 
that the method used today, both in mining and in recovery, is 
essentially the method used fifty years ago. In dealing with 
caliches containing 50 per cent of nitrate it was economically pos- 
sible to discard low grade and fine material on the pampa and to 
discharge to the tailings dumps 6 per cent of the nitrate and still 
make a creditable technical and economic showing, but with mate- 
rial of as low grade as that worked today this method of work is 
no longer profitable. 

Until very recently the Chilean nitrate industry, though not 
enjoying an absolute monopoly of the world’s supply of inorganic 
nitrogenous raw material, nevertheless furnished so large a pro- 
portion thereof that it was able to fix the price for such material. 
It was consequently able to discount its loss in technical efficiency 
by increasing the price of its product, and the result of this 
advantage has been that, except in minor details, it has made no 
great technical progress. This fact, combined with the fact that 
the industry has employed only hand labor and that the cost of 
labor has increased steadily in Chile, has brought the industry to 
its present position. 


OBSTACLES TO IMPROVEMENT IN METHODS 


In fairness to those who are producing Chilean nitrate it should 
be stated that any marked improvement in technique and any 
reduction in working cost is probably impossible if the essential 
features of the present process are maintained. The principal rea- 
sons for this statement are: 

1. The process demands raw material containing not less than 
15 per cent of sodium nitrate in order that the deposits may be 
economically workable, and consequently, as the average grade 
does not greatly exceed this figure, the expensive hand-mining and 
sorting now employed become almost a necessity. It is true that 
in some places mechanical drilling has been substituted for hand 
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drilling, and this substitution is undoubtedly a step in the right 
direction, but it saves only a small percentage of the cost of labor 
and does not reduce the losses in mining. The use of mechanical 
means of mining, such as mechanical shovels, has often been sug- 
gested and attempted but has failed because the grade of the mate- 
rial has fallen below the limit of economical working by such 
means. 

2. The methods now employed throw into the atmosphere every 
calorie of heat generated in the process, either through radiation 
from the uninsulated tanks during the boiling or through the loss 
of heat contained in the tailings, which are passed hot to the ripio 
dump, and the loss during crystallization in the open, no attempt 
being made to recover and re-use any of this heat. 

3. The process now employed recovers less than two-thirds of 
the nitrate in the caliche. The substitution of better methods of 
recovery will do much to rehabilitate the industry. 

4. The industry is based on small unit operation, there being 
some 150 plants, with a total maximum annual capacity of 3,- 
500,000 tons of product. Consequently the savings due to large- 
scale operation cannot be attained, and it is extremely doubtful, 
in view of the mining methods employed, whether large-scale 
operations would be feasible in any event. 

Because of these conditions no great reduction in the cost of 
producing Chilean nitrate can be expected through improvements 
in working methods, and the operators are therefore forced to be 
satisfied with minor mechanical betterments; but these, though 
some of them may help, nevertheless can not overcome the tre- 
mendous handicap under which the industry is laboring. The 
result has been a steady rise in cost, and at a time when the posi- 
tion of Chilean nitrate in the world market has been first seriously 
threatened by the production of synthetic nitrogen. 

It is impossible for me, in the time at my disposal, to state more 
fully the reasons for a change in the working methods employed, 
but I believe that the necessity of it has been fairly well estab- 
lished by the facts stated. 

The Republic of Chile is compelled to maintain the nitrate in- 
dustry, for until very recent years the export tax on nitrate fur- 
nished about so per cent of its total income. In paying this tax 
the industry is operating under conditions that are disadvan- 
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tageous as compared with those of a past era. The export tax 
payable today has remained unchanged since 1880 at about $12. 50 
per ton of product. It seems clear that an industry which supplies, 
as it does today, only about 25 per cent of the total combined 
nitrogen products of the world should not be burdened with the 
same tax as one which supplied from two-thirds to three-quarters 
of those products; but the Chilean Government has shown no dis- 
position to reduce this tax. The success of the Chilean nitrate 
industry must therefore evidently be found either in a radical 
departure from present working methods—a departure that will 
lower the cost of production so much as to enable it to compete 
with the other producers of nitrogenous fertilizers now on the 
market—or in a change of front by the Chilean Government with 
respect to the export tax. 


CHANGES ESSENTIAL TO ASSURE FUTURE SUCCESS 


The essential features for the attainment of success in the 
exploitation of the Chilean deposits appear to be: 

1. The substitution of mechanical methods for the present hand 
methods of mining, in order to reduce the excessive amount of 
hand labor employed and at the same time to prevent or reduce 
the large losses of raw material already mentioned. 

2. The organization of the industry for large-scale production 
and the substitution of mechanical methods for manual methods 
wherever possible in the reduction process. 

3. The development of a process capable of recovering a much 
larger percentage of the total nitrate in the material treated than 
that recovered by the present methods and capable also of avoid- 
ing the excessive and inevitable loss of heat involved in the present 
methods. 

In order to accomplish all three of these desirable results the 
third—the development of a radically different method of treat- 
ment—is the prime essential, as only in this way can the other two 
be attained. If this program can be followed in all its details 
the main causes of the present high cost of production of Chilean 
nitrate—the high cost of fuel and labor and the excessive losses 
in mining and recovery—can be avoided, and a material reduction 
in cost can be made—a reduction so large that Chilean nitrate will 
again be able to attain and maintain its primary position in the 
market for inorganic nitrogen products. 


MINERAL RAW MATERIALS FOR FERTILIZER INDUSTRY 161 


BY-PRODUCT AMMONIA IN WORLD TRADE 
By C. J. RaMsBuRG 


MULTIPLICATION OF By-Propuct CoKE Ovens INCREASES 


IMMENSELY THE PRODUCTION oF AMMONIUM SULFATE 


The subject assigned to me is a broad one, and in order to 
present in the short time allowed something that may be of value 
it has seemed best to me to confine myself to the outlook for by- 
product ammonia and its position in general nitrogen production 
and consumption only in relation to world trade as it affects the 
home market. 

In order to give a broad view of the production of by-product 
ammonia a few figures are necessary, because the development in 
by-product coke-oven construction and operation has been one of 
the outstanding features of industrial development in the last 
decade, and its results and correlated influences are not fully 
appreciated. 

In 1913 the United States produced 46,300,000 tons of coke, of 
which 12,715,000 tons was by-product coke; in 1925 it produced 
50,467,000 tons, of which 39,823,000 tons was by-product coke ; so 
that in the twelve-year period there was an increase in the annual 
production of 27,000,000 tons, or 74,000 tons a day. The number 
of by-product coke ovens increased from 6,192 in 1913 to 11,705 
in 1925, and then represented an investment of more than 
$250,000,000. 

The increase in the production of by-product ammonium sul- 
fate, due to the multiplication of by-product coke ovens, is equally 
astounding. In 1913 the value of this product (195,000 tons) 
amounted to approximately $12,000,000; in 1925, at 16 per cent 
lower market price, the value was approximately $32,000,000. 
The market value of the gas, tar, ammonia and benzol recovered 
in 1925 in the production of by-product coke was no less than 
$100,000,000. 

Synthetic ammonia plants are increasing in number and in out- 
put, but the United States is now producing a surplus above con- 
sumption of ammonium sulfate, and this product is being obtained 
at plants on which the capital charges have already been realized. 
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SynTHETIC FIXATION OF NITROGEN ADVERSE TO PRODUCTION OF 
By-Propuct AMMONIUM SULFATE 


Ammonia produced in by-product coke ovens has a fuel value, 
if left in the gas and burned in the average steel-plant practice, of 
approximately one-third of a cent a pound, but the products of its 
combustion are noxious and its corrosive action on valves and ap- 
pliances is so great as to more than offset its fuel value. It fol- 
lows that ammonia will invariably be removed from the gas. 

The cost of producing sulfate of ammonia is threefold (1) 
capital cost of apparatus, (2) labor, steam and sulfuric acid, and 
(3) maintenance and repair. An analysis of the cost of produc- 
tion of sulfate in existing plants indicates that by-product ammo- 
nium sulfate will continue to be produced in undiminished quan- 
tity so long as its selling price at the plant does not fall far 
below the direct cost of its production. The lowering of its price 
below this cost will increase the cost of coke and consequently of 
steel. 

A few years ago our company was approached by large foreign 
interests with a proposition to develop in America a synthetic 
process for the fixation of nitrogen. Investigation proved that the 
process was sound and that it would produce sulfate and liquid 
ammonia products at a cost materially below the market price, but 
we did not respond to their overtures because the production of 
sulfate in large quantities would only lower its market price and 
thus increase the cost of the coke produced in the coke plant. The 
proposition to produce anhydrous and other liquid products 
seemed sound, but the investment risk did not seem to warrant 
our going ahead. In a by-product coke plant and in gas retort 
plants the ammonia plant is already at hand. In making syn- 
thetic sulfate the ammonia must first be produced in costly plants 
and the recovery plant must be built in addition, particularly in the 
manufacture of sulfate. 


PRICES, SOURCES AND DISTRIBUTION OF AMMONIA PRODUCTS 


Not much sulfate is being made in synthetic plants in the United 
States, and I doubt whether any will be made. I am perhaps not 
anticipating the developments of the future too much if I predict 
that in a short time there will be available for the by-product coke 
plant a process which will produce sulfate of ammonia from the 
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sulfur and nitrogen originating in the coal without going through 
the process of manufacturing sulfuric acid. 

I do not know the cost at which the most modern synthetic 
plants can produce liquid pure ammonia products, but I do know 
that the selling price of concentrated ammonia liquor in gas plants 
has fallen to one-third of what it was two years ago, whereas the 
selling price of the anhydrous product has fallen 57-5 per cent and 
steps are being taken in some places to produce a liquor from 
which much of the impurity has been removed. This factor of 
competition must be reckoned in making the heavy investments in 
synthetic plants. 

Dr. Harry A. Curtis, in an excellent article read before The 
National Fertilizer Association at White Sulphur Springs, West 
Virginia, in June of the current year, gave the following table: 


SOURCES AND DISTRIBUTION OF AMMONIA MADE AVAILABLE IN THE 
UNITED STATES IN 1925 


Sources Short Ton 
CAE, OEE Se a ae cease eee ae 128,000 
a ed 5,500 
Sa Nemes OSM @ pera ee See ee ee tes ie ol 11,000 
Be iC eee fee ee ee Dt Via 200 
UST Coty ho Vk aE foe ES Se Se A a a ee 5,000 

SVE Se SOE SS ae eas 149,700 

Distribution 
inmaiixedmtentiliz cy sme eee samen eee coe ene ee eee ee 52,000 
SUleatomlsctedcel erp iZers a= aa ee 8 Vel a ie eS 2,000 
PACU TOUe men OMe tne seeeee eet. ee ee eo 15,000 
INGTWB) QUENGMOTAG), ee rs ie I ee eae ee SL eS bl oe Re 24,000 
LOBOS eat ees a a ee 7,500 
ChIGTOIGRIS” 2 ata oe ee ee ee ee 5,000 
AOE Tae SULT BGO aces ee ee ee 20.00 
Wie Reads CMTS COC Kc meme See Se ee Re 18,100 

UG emer ema eee pene ene eres Nees es 23 oe ee ee 149,700 


Summarizing Doctor Curtis’s figures in a little different form 
and taking as a base the consumption, we have the following 


percentages: 
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Used as fertilizer _-_-_----------------------------------——-—- 41.0 
Used as anhydrous ammonia__-------~----------------------~ 11.4 
Used as aqua ammonia__--------------------------—--------- 18.2 
Used as explosives---------------------—-----—--—------—- eng 
Used as chemicals____------------------------------------—- 3.8 
Exported as sulfate-____-_----------------------------------- Teh) 
100.0 

Increase in stock ~--_------------------------------------ 13.6 


It appears that about 1%4 pounds of nitrogen was placed in 
stock for each pound of atmospheric nitrogen produced. 

The above table shows that part of the 4o per cent of the nitro- 
gen ammonia produced was in a form in which the synthetic 
ammonia would seem to be better adapted to use on account of its 
purity than the liquid by-product ammonia. It would seem rea- 
sonable to suppose that this field is the one sought by the synthetic 
ammonia producer; indeed, it is the only field for the product. 
A quantity of sulfate of ammonia has been and is being used by 
chemical manufacturers. Part of this market the synthetic am- 
monia will probably acquire, forcing the amount of sulfate dis- 
placed into the fertilizer market. 


No Open FIELD FOR SYNTHETIC AMMONIA FOR UsE As 
FERTILIZER 


It is apparent that there will be no open field for synthetic 
ammonia in the fertilizer market. With the present rate of pro- 
duction in the United States all need for sulfate will be supplied 
from by-product plants and this sulfate will be sold practically 
regardless of price, for it must be produced. Further than this, 
additional by-product ammonia is constantly being obtained from 
new coke plants. During the present year there will be put into 
operation 291 coke ovens, having a capacity of 2,238,494 net tons 
of coal per annum and producing 27,981 net tons of sulfate. 

Over 80 per cent of the coke used in the metallurgical industries 
will be produced with recovery of by-products, and it can well be 
argued that this production is reaching toward saturation. On 
the other hand, the use of this process for the manufacture of 
gas and for domestic fuel is but in its infancy. In October of 
this year the Hunts Point plant of the Consolidated Gas Com- 
pany of New York, carbonizing approximately 760,000 tons of 
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coal a year, using Kopper’s gas ovens, will be placed in opera- 
tion. This first unit will produce less than 15 per cent of the gas 
distributed in the Borough of Manhattan. The construction of 
another large plant in that vicinity for one of the other gas com- 
panies will soon be begun. Most of the carburetted water gas 
now being produced by the manufactured gas industry is being 
made at a higher cost than that of coal gas produced in modern 
coke ovens. The indications are that in a comparatively few 
years coal gas will replace water gas as the base load in all gas 
plants, first, because of the increasing cost of gas oil and, second, 
because of the increasing use of coke as a domestic fuel. 


By-Propucr Coke Ovens WiLL INCREASE THEIR OUTPUT 
or AMMONIUM SULFATE 


It should thus be apparent that the manufacture of sulfate of 
ammonia will not only continue in the manufacture of metallurgi- 
cal coke but will increase with the use of plants of that type in the 
gas industry. 

Doctor Curtis’s table shows that 51,500 tons of ammonia nitro- 
gen is being used in operations in which pure ammonia products 
are desirable. As synthetic ammonia can be produced without 
going through the sulfate stage, it is probable that a large part of 
the product will be sought by the synthetic manufacturer, particu- 
larly that part which is now being made from concentrated coke 
oven and retort house liquor. 

Figures compiled by the United States Geological Survey and 
the Bureau of the Census show that in 1923 (the last year for 
which figures are available) 26,420 tons of ammonia nitrogen were 
derived from by-product liquor. If this market were entirely lost 
and the product were put into the form of sulfate there would be 
124,500 additional tons to be marketed. 


STATISTICAL History oF AMMONIUM SULFATE AND 
Sopium NITRATE 


The following table, prepared from Government data and mar- 
ket reports, shows the relation between ammonia nitrogen and 
nitrate nitrogen and the prices of nitrogen in both forms for 


thirteen years. 
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PRODUCTION, EXPORTS, IMPORTS AND PRICES OF SULFATE OF AMMONIA 
AND NITRATE OF SopA, 1918-1925 


Sulfate of Ammonia sat Price Per ike of Nitrogen 
Weer | Production | Qrevsty | Gutta) (vet tee acer wees 
1913 195,000 | 212 | 65,775 700,965 | $3.14 $3.06 
1914 183,000 ; | 75,010 | 606,721 | 2.66 | 2.62 
1915 250,049 | 1,516 | 36,374 | 864,853 3.22 | 3.06 
1916 288,265 12,640 12,962 | 1,364,634 | 3.72 4.10 
LOT 325,670 902 9,487 | 1,728,398 | 4.60 | 5.24 
1918 379,278 | ; | 2,993 | 2,066,615 4.80 6.00 
1919 | 403,223 2,369 | 456,354 3.78 4.56 
1920 499,463 | *120,000 1,994 | 1,480,519 | 4.20 | 4.56 
1921 358,500 128,794 4,677 | 413,474 2.46 3.12 
11922 476,761 | 165,011 4,890 | 607,560 2.68 3.24 
1923 603,363 | 172,118 | 3,539 | 998,680 | 3.00 | 3.22 
1924 569,622 132,571 6,720 | 1,105,000 2.50 | 3.20 
1925 633,649 | 137,918 | 23,762 | 1,245,693 | 2.57 | 3.31 


1 No figures available. 
2 Estimated. 


Taking the price of sulfate in 1923 as a base and using the 
average general purchasing value of the dollar in 1913, we get the 
following results, the value of a dollar in 1913 being fixed at 
sixty-seven cents in 1926: 


PRICES OF NITROGEN SULFATE AND SopIUM NITRATE IN 
19138 AND 1925 


Vear Price Per Unit of Price Per Unit of Price Per Unit Price Per Unit 
Nitrogen in Sulfate Nitrogen in Nitrate of Sulfate of Nitrate 
1913 $38.14 | $3.06 | 
1925 2.57 | 3.31 SA? | $2.21 


There has thus been a decrease in the price of nitrate from 
1913 to 1926 of 27.5 per cent, while the price of sulfate has fallen 
45.2 per cent. 

Although the importation of nitrate of soda has increased from 
700,965 tons in 1913 to 1,245,693 tons in 1925, or 544,672 tons, 
the increase in the production of sulfate has been 438,649 tons. 
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ADVANTAGES AND DISADVANTAGES OF NITRATE AND SULFATE 


One drawback of nitrate of soda is its tendency to lump, which 
makes difficult its distribution by machines or “drilling.” This 
trouble is avoided with sulfate of ammonia by using the dry 
neutral (Arcadian) salt. The added cost of producing this dry 
salt is comparatively small, and by-product coke plants are being 
equipped to produce it. No doubt with a difference in price of 
Over 22 per cent per unit of nitrogen, more of this new sulfate will 
replace nitrate for this purpose. 

One of the greatest advantages that sulfate has over its com- 
petitors is the wide diffusion of the units of production. Aside 
from the Pacific Coast no section of the United States is remote 
from a by-product coke plant. Plants extend from Nova Scotia 
to Alabama and from New York to Colorado. This means that 
the freight advantage of local distribution is considerable, and 
one which must be reckoned with by the competitors. 

Germany today has gained a wonderful advantage in the nitro- 
gen field. She is in a position where she not only has to import no 
nitrate but can take care of all her own needs and export a sur- 
plus. This position is largely the result of the war development 
of the two synthetic plants at Merseburg and Oppau, the annual 
production of which today is equivalent to more than 2,000,000 
tons per annum of Chile nitrate. 

In the United States the amount of nitrate used is more than 
double the production of sulfate. War development in the United 
States took the form of by-product coke ovens, largely on account 
of the needs of the steel industry. A curve showing the output 
of sulfate of ammonia will follow the curve of steel output. 

The market for nitrate of soda is only in part available for 
sulfate of ammonia, because nitrate is much better for certain 
soils than sulfate, and vice versa; but undoubtedly, a great deal of 
nitrate is being used where the sulfate would be of equal value per 
unit of nitrogen, and a considerable amount is used where it 
would be much superior. With the difference in cost per unit of 
nitrogen this market will soon be developed. 


ForeIGN NITROGEN CoMPouUNDS A MENACE TO PRICE OF SULFATE 


The greatest menace to fair market prices for sulfate is to be 
found in the export from Germany of other nitrogen compounds, 
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which will carry larger percentages of nitrogen and will therefore 
be handled with much less freight and perhaps less labor. 

At a meeting held at Biarritz in April of this year, Dr. J. Bueb 
read a paper on “Nitrogen in Agriculture,” in the course of which 
he said: 


Nevertheless, the outlet for ammonium sulfate cannot be increased to an 
indefinite extent, not even by low price. If it is certain that ammoniacal 
nitrogen has a field all over the world (e. g., for irrigated land and for specific 
crops, such as potatoes, rice, etc.) in which it is preferable to nitric nitrogen, 
yet it is also true that for certain lands and crops nitric nitrogen is decidedly 
superior to ammoniacal nitrogen, especially for sugar beet and plants with a 
short period of vegetation, and above all in hot and dry climates. 


He goes on further to show that ammonia in the form of 
ammonia nitrate would overcome the acid effect of sulfate, but he 
states further that the hygroscopic and explosive qualities of such 
a product prohibits its marketing. He also shows that the Germans 
have produced two substitutes for sodium nitrate which have not 
the unpleasant characteristics of ammonium nitrate. These two 
are double salts—potash-ammonium-nitrate and Leunasalpeter 
(ammonium-sulfate-nitrate). In Germany a large demand has 
been created for these products. Whether an attempt will be 
made to market them in the United States remains to be seen, but 
there are indications that it will be. 


MINERAL RAW MATERIALS FOR FERTILIZER INDUSTRY 169 


SYNTHETIC NITROGEN 


By W. P. PickHaRDT 


Synthetic nitrogen, unlike all the fertilizer materials previously 
discussed, has a source of supply—the nitrogen of the air—which 
need give its producers no cause for worry. No wicked govern- 
ment or monopoly can embargo or restrict it, and it cannot be 
withheld by one monopolist from another. This source of nitro- 
gen has been recognized by chemists for many years; numerous 
attempts to extract and make useful the nitrogen of the air are 
on record. 


Larcest PLrants Now MaKkInG SYNTHETIC NITROGEN 


The present-day development on the largest scale is that of the 
Haber-Bosch plant at Oppau, Germany. After overcoming many 
difficulties this plant started to make large-scale production in 
1913, and the original plant has now been so greatly enlarged that 
it fixes nitrogen at the rate of some 150,000 tons per annum. 

The experience gained at this plant led to the construction of a 
larger one in 1916 at Leuna, near Merseburg, in the brown-coal 
area, and the combined output of fertilizer this year at these two 
plants will be about 540,000 tons, or the equivalent of the nitrogen 
contained in 3,250,000 tons of Chile saltpeter, or 2,700,000 tons 
of ammonium sulfate. This nitrogen is primarily all combined 
with hydrogen to form ammonia, from which the many different 
nitrogen compounds are produced, and the work of turning these 
out in marketable form has proved to be about as difficult as the 
fixation of nitrogen itself. Starting first with the production of 
ammonium sulfate by combining NH, with sulfuric acid, the 
next step was to replace sulfuric acid with gypsum as a source of 
sulfate. Ammonia was oxidized to nitric acid to produce another 
synthetic nitrogen compound, ammonium nitrate, and potassium 
and sodium nitrates were also produced. All these products were 
of interest to the German farmer, who was deprived of Chilean 
nitrate but who required the nitrate form of nitrogen for certain 
crops and certain conditions of soil. Ammonium nitrate is hy- 
groscopic and is also explosive, but a double salt formed by it 
with ammonium sulfate proved to be well adapted to farm use 
and has given complete satisfaction to the farmer who required 


170 MINERAL RAW MATERIALS FOR FERTILIZER INDUSTRY 


nitrate nitrogen, as has also another double salt, potassium ammo- 
nium nitrate. 


ADVANTAGE OF NITROGEN IN THE ForM OF UREA 


Both sodium nitrate and ammonium sulfate leave residues in 
the soil which, under certain conditions, are deleterious—always 
so if in excess. For a long time the fertilizer value of nitrogen in 
urine had been recognized, and it is a curious fact that urea was 
the first organic compound synthesized by the chemists. A cheap 
method of producing it was found by combining with ammonia 
the carbon dioxide produced in the purification of nitrogen and 
hydrogen and passing the ammonium carbonate, under suitable 
conditions, over a catalyst. The result is that nitrogen in the 
form of urea is available in Germany at a price scarcely greater 
than in other combinations, and it is free from carriers that leave 
a residue in the soil. A high import duty makes this product more 
expensive in this country than other forms of nitrogen, but its 
special properties have nevertheless led to its use for many 
purposes. 

INERT CARRIERS OF NITROGEN INCREASE Cost OF HANDLING 

AND HAULING 

Freight rates, handling and haulage must always be considered 
in reckoning the cost of fertilizers, and, recognizing this fact, the 
I. G. Farbenindustrie is systematically endeavoring to replace all 
inert or useless carriers or fillers in fertilizers with some form of 
beneficial plant food. Thus instead of combining ammonium with 
sulfuric acid, they combined it with phosphoric acid. This prod- 
uct pays a duty in this country of $30 a ton, a fact that some of 
our farmers may not know. As it contains 19 per cent of nitrogen 
and 47 per cent of phosphoric acid it could be used to good 
advantage in fertilizing cotton. 

Calcium nitrate, which was made by another process, was sold 
before the World War and gave excellent results, but it is ex- 
tremely hygroscopic and is therefore difficult to handle, a fact that 
prevented its extended use. Experiments showed that the addi- 
tion to it of small quantities of ammonium nitrate and the em- 
ployment of special methods of dehydration produced a material 
suitable for general use, and this year’s program in Germany 
calls for 40,000 tons of nitrogen in the form of calcium nitrate 
B. A. S. F., or about 200,000 tons of material. 


SYNTHETIC NITROGEN V7. 


GERMAN FarMeER NEEps More NITROGEN 


The German agriculturist, after many experiments, has decided 
that for use in his country a fertilizer containing only one part 
of nitrogen to three or four parts of phosphoric acid is deficient 
in nitrate, and that a better fertilizer should contain more nitrogen 
than phosphoric acid. By combining diammonphos with ammo- 
mium sulfate or leuna saltpeter any saltpeter combination can be 
made. Then the next step was to make a complete fertilizer, such 
as leunaphoska, and already in America experiments are being 
made with urea combinations analyzing as high as 16-18-16. 


PRICE OF SYNTHETIC NiTROGEN Is LowERED 


The enormous expansion of the synthetic nitrogen industry 
simultaneously with an expansion in the output of the by-products 
of coke ovens created a problem in marketing which has been 
solved by bringing the price of synthetic nitrogen below its pre- 
war level and stabilizing the price for the fertilizer year, thereby 
eliminating the speculative element. This low price is in line with 
the low price brought by agricultural products as compared with 
the higher prices brought by manufactured products, and makes it 
possible for the farmer to use nitrogen profitably. If the price is 
kept too high the farmer can not afford to use fertilizer, for he 
can not get back from his increased products the money he 
expends for fertilizer. 

Thus the outstanding developments in the fertilizer field during 
the last decade have been those made in connection with the 
expansion of nitrogen fixation. New fields of research are being 
opened for experimental work in plant nutrition, and new mate- 
rials are being placed at the disposal of the farmer to improve the 
quality and quantity of his crop and thereby to lower his cost of 
production. In the final analysis it is not what the farmer gets 
for his crop, but whether what he gets is more or less than it 
costs him that determines whether he has a successful year or goes 
into debt. 
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SYNTHETIC AMMONIA IN THE UNITED STATES 


By 5..C. Linp 


The successful fixation of atmospheric nitrogen brought a new 
condition into the problem of obtaining nitrogen, which was thus 
differentiated from phosphates and potash, for it made the nitro- 
gen of the atmosphere universally available without reference to 
geography and reduced the problem to its technologic and eco- 
nomic elements. The technologic problem of nitrogen fixation 
by the synthetic ammonia method has now been solved in the 
United States, and we can definitely count on a large expansion 
of output whenever an emergency may require. Six or seven 
plants in the United States are now producing about seventy tons 
of synthetic ammonia a day, and the output of the plants now 
under construction will bring the total up to 100 tons a day, or 
30,000 to 35,000 tons a year, by the end of 1926. This output is 
only about 6 or 7 per cent of that of Germany. The United 
States is now the seventh producer of fixed nitrogen, although it is 
the second world’s consumer. 

At the end of the world war Germany was producing 220,000 
tons of fixed nitrogen a year and has since doubled its production. 
It should not be assumed that a like large and sudden increase 
will be made in the production in the United States. The pres- 
ent domestic production nearly saturates the refrigerative and 
industrial market for ammonia. The question of further lowering 
prices and of expanding the industry to supply the agricultural 
market is now squarely before the American producers. They 
have at their disposal all the modifications of the Haber process 
that are now being used in the United States. The rapidity of the 
expansion into the agricultural market will therefore depend upon 
economic conditions. Estimates vary as to whether synthetic 
ammonia can be made cheaply enough to force its way into this 
market. Some expect a large and rapid expansion in the output 
of agricultural ammonia. Others believe that its general agri- 
cultural use is impossible. The truth probably lies somewhere 
between the two. A gradual change, not a revolution, may be 
expected, 

The foreign markets, especially those in the Orient, now appear 
to have the greatest attraction for German, French and English 
exporters. This fact raises the question whether the American 
manufacturer can afford to let the opportunity for competing in 
the world market be wholly usurped by European producers. 
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BIBLIOGRAPHIC NOTE 


As an aid to those who may wish to study the various phases of 
fertilizer mineral resources as well as the economics and statistics 
of the fertilizer industry and the part that artificial plant foods 
play in agriculture, a partial list of references is given below. The 
bibliography is frankly incomplete. Its purpose is simply to 
guide interested persons quickly to the general and statistical 
literature and to works relating to the several important classes 
of materials. Most of the works cited are in English, but a 
sufficient number of foreign titles are included to make possible 
a ready entrance into the literature of other countries. 

A comprehensive bibliography of the literature and patents 
relating to fixed nitrogen is available in manuscript form at the 
Fixed Nitrogen Research Laboratory, U.S. Department of Agri- 
culture; at the Chemical Division, Bureau of Foreign and Do- 
mestic Commerce, U. S. Department of Commerce; and at the 
library of the Chemists’ Club, New York. In addition to cer- 
tain of those who participated in the program, Dr. F. G. Cottrell, 
Director, U. S. Fixed Nitrogen Research Laboratory, and Mr. 
H. R. Smalley, Director, Northern Division, Soil Improvement 
Committee, The National Fertilizer Association, have assisted 
in selecting the references. 
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